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(54) Semiconductor thin film forming system 

(57) !n a semiconductor thin film forming system for 
modifying a predetermined region of a semiconductor 
thin film by exposing the semiconductor thin film to pro- 
jected light , patterned through a pattern formed on a 
photo mask, the system Includes a mechanism (opt20') 
for uniformlzlng the light for exposure in a predeter- 
mined area on the photo mask. This system can provide 
a crystallized silicon film having a trap state density less 
than 1012 cm' 2 and can provide a silicon-insulating film 
interface exhibiting a low Interface state density. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

[0001] This Invention relates to a system for the formation of a silicon thin film and a good-quality semiconductor- 
Insulating film Interface. Such silicon thin films are used for crystalline silicon thin film transistors, and such semicon- 
ductor-Insulating film interfaces are employed for field effect transistors. The invention also relates to a semiconductor 
10 thin film forming system by the pulsed laser exposure method. Such semiconductors include, for example, silicon ger- 
manium (SIGe), silicon carbide (SiC), and other silicon compounds, and GaAs, GaN, CulnSe 2 , ZeSe, and other com- 
pound semiconductors. In addition, the Invention relates to a system for the manufacture of driving elements or driving 
circuits composed of the semiconductor thin films or field effect thin film transistors for displays and sensors, for exam- 
ple. 

15 

2. Description of the Related Art 



[0002] Typical processes for the formation of a thin film transistor (TFT) on a glass substrate are a hydrogenated 
amorphous silicon TFT process and a polycrystalline silicon TFT process. In the former process, the maximum temper- 

20 ature in a manufacture process is about 300°C, and the carrier mobility is about .1 cm 2 /Vsec. Such a hydrogenated 
amorphous silicon TFT formed by the former process is used as a switching transistor of each pixel in an active matrix 
(AM) liquid crystal display (LCD) and Is driven by a driver integrated circuit (IC, an LSI formed on a single crystal silicon 
substrate) arranged on the periphery of a screen. Each of the pixels of this system Includes an individual switching ele- 
ment TFT, and this system can yield a better image quality with a less crosstalk than a passive matrix LCD. In such a 

25 passive matrix LCD, an electric signal for driving the liquid crystal Is supplied from a peripheral driver circuit. In contrast, 
the latter polycrystalline silicon TFT process can yield a carrier mobility of 30 to 1 00 cm 2 /Vsec by, for example, employ- 
ing a quartz substrate and performing a process at high temperature of about 1000°C as In the manufacture of LSIs. 
For example, when this process is applied to a liquid crystal display manufacture, such a high carrier mobility can yield 
a peripheral driver circuit on the same glass substrate concurrently with the formation of pixel TFTs for driving individual 

30 pixels. This process Is therefore advantageous to minimize manufacture process costs and to downsize the resulting 
products. If the product should be miniaturized and should have a higher definition, the connection pitch between an. 
AM-LCD substrate and a peripheral driver integrated circuit must be decreased. A conventional tab connection method 
or wire bonding method cannot significantly provide such a decreased connection pitch. However, If a process at high 
temperatures as in the above case is employed in the polycrystalline silicon TFT process, low softening point glasses 

35 cannot be employed. Such low softening point glasses can be employed in the hydrogenated amorphous silicon TFT 
process and are available at low costs. The process temperature in the polycrystalline silicon TFT process should be 
therefore decreased, and techniques for the formation of polycrystalline silicon films at low temperatures have been 
developed by utilizing a laser-Induced crystallization technique. 

[0003] Such a laser-induced crystallization is generally performed by a pulse laser irradiator having a configuration 
40 shown in Fig. 1 . A laser light supplied from a pulse laser source 1101 reaches a silicon thin film 1 1 07, a work, on a glass 
substrate 1 1 08 via an optical path 1 1 06. The optical path 1 1 06 is specified by a group of optic devices Including mirrors 
1 102, 1 103, and 1105, and a beam homogenizer 1 104. The beam homogenizer 1 104 is arranged to uniformize spatial 
intensities of laser beams. Generally, the glass substrate on an X-Y stage 1 1 09 is moved to Irradiate an optional position 
on the substrate with a laser beam. The laser irradiation can be also performed by moving the optic device group or 
45 moving the optic device group and the stage in combination. 

[0004] For example, J. Im and R. Sposili describe that a substrate is mounted on an X-stage, and a homogenizer 
Is mounted on a Y-stage In Fig. 6 of "Crystalline Si films for integrated active-matrix-liquid-crystal displays", Materials 
Research Society Bulletin, vol. 21,(1 996), 39 (Reference 1 ). 

[0005] Laser Irradiation is also performed in vacuo or in a high purity gaseous atmosphere. Where necessary, the 
so system has a cassette 1110 and a substrate traveling mechanism 1111. The cassette 1110 houses glass substrates 
each with a silicon thin film, and the substrate traveling mechanism 1111 serves to move the substrate between the cas- 
sette and the stage to house the substrate In the cassette or to mount the substrate on the stage. 
[0006] Japanese Patent Publication (JP-B) No. 7-1 1 8443 discloses a technique of irradiating an amorphous silicon 
thin film on an amorphous substrate with a short wavelength pulse laser light. This technique can crystallize amorphous 
55 silicon while keeping the overall substrate from high temperatures, and can produce semiconductor elements or semi- 
conductor Integrated circuits on large substrates available at low costs. Such large substrates are required in liquid 
crystal displays, and such substrate available at low costs may be glasses, for example. However, as is described in the 
above publication, the crystallization of an amorphous silicon thin film by action of a short wavelength laser light 
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requires an irradiation intensity of about 50 to 500 mJ/cm 2 However, the maximum emission output of a conventionally 
available pulse laser irradiator is at most about 1 J/pulse, and an area to be irradiated by a single irradiation is at most 
about 2 to 20 cm 2 , by a simple conversion. For example, If the overall of a 47 cm x 37 cm substrate should be crystal- 
lized by action of laser, at least 87 to 870 points of the substrate must be Irradiated with laser light. Likewise, the number 
s of points to be irradiated with laser light increases with an increasing size of the substrate, for example, as in a 1 m x 1 
m substrate. Such a laser-Induced crystallization is generally performed by a pulse laser Irradiator having a configura- 
tion shown in Fig. 1. 

[0007] To form uniform thin film semiconductor elements on a large substrate by the above technique, an effective 
process Is known as disclosed in Japanese Unexamined Patent Publication (JP-A) No. 5-211167 (Japanese Patent 

io Application No. 3-315863). The process includes the steps of dividing the elements to portions smaller than the beam 
size of the laser and repeating a combination of irradiation with several pulses and movement of the area to be irradi- 
ated by step-and-repeat drawing method. In the process, the lasing and the movement of a stage (i.e., the movement 
of a substrate or laser beam) are alternatively performed, as shown in Fig. 2B. However, even according to this process, 
the variation of lasing Intensity exceeds ±5% to ±1 0% when the irradiation procedure is repeated at a density of about 

is 1 pulse per Irradiated portion to 20 pulses per Irradiated portion using a currently available pulse laser irradiator with a 
uniformity of lasing Intensity of ±5% to ±10% (in continuous lasing). The resulting polycrystalllne silicon thin film and 
polycrystalllne silicon thin film transistor cannot therefore have satisfactorily uniform characteristics. Particularly, the 
generation of strong or weak light caused by an unstable discharge at early stages of lasing significantly invites such 
heterogeneous characteristics. This phenomenon is called spiking. As a possible solution to spiking, a process of con- 
20 trolling an applied voltage In a subsequent lasing with reference to the results of integrated strengths can be employed. 
However; according to this process, weak light Is rather oscillated even though the formation of spiking is inhibited. Spe- 
cifically, when Irradiation periods and non-lasing periods alternatively succeed, the intensity of a first irradiated pulse in 
each irradiation period is most unstable and is varied, as shown in Fig. 3: In addition, the history of Irradiation intensity 
differs from point to point to be irradiated. The resulting transistor element and thin film integrated circuit cannot have a 

25 significant uniformity in the substrate plane. 

[0008] To avoid such spiking, a process is known to start lasing prior to the initiation of irradiation to an area for the 
formation of element, as shown in Fig. 2A. However, this technique cannot be applied to a process of intermittently 
repeating the lasing and the movement of stage. To avoid these problems, a process is proposed in Japanese Unex- 
amined Patent Publication (JP-A) No. 5-90191. The process includes the steps of allowing a pulse laser source to con- 

30 tlnuously oscillate and inhibiting irradiation of a substrate with the laser light by an optic shielding system during the 
movement of the stage. Specifically, as shown in Fig. 2C, a laser is continuously oscillated at a predetermined fre- 
quency, and the movement of stage to a target irradiation position is brought into synchronism with the shielding of an 
optic path. By this configuration, a laser beam with stable intensity can be applied to a target irradiation position. How- 
ever, although this process can stably irradiate the substrate with a laser beam, the process also yields increased 

35 excess lasing that does not serve to the formation of a polycrystalllne silicon thin film. The productivity is decreased 
from the viewpoint of the life of an expensive laser source and excited gas, and the production efficiency of the poly- 
crystalllne silicon thin film is deteriorated with respect to power required for lasing. The production costs are therefore 
increased. When a substrate to be exposed to laser is irradiated with an excessively strong light as compared with tar- 
get intensity, the substrate will be damaged. Such an excessively strong light is induced by an irregular irradiation Inten- 

40 sity. In LCDs and other imaging devices, light passing through the substrate scatters in an area where the substrate is 
damaged, and the quality of image is deteriorated. 

[0009] A Process for reducing and projecting a pattern on a photo mask onto a silicone thin film is disclosed by R. 
Sposili and J. Im In "Sequential lateral solidification of thin silicon films on Si0 2 M , Applied Physics Letters, vol. 69 (1 996), 
2864 (Reference 2), and by J. Im, R. Sposili, and M. Crowder In "Single-crystal Si films for thin film transistor devices", 

45 Applied Physic Letters, vol. 70, (1997), 3434 (Reference 3). The process disclosed in these publications performs appr. 
a 1:5 reduction projection alignment using a 308-nm excimer laser, a variable-energy attenuator, a variable-focus field 
lens, a patterned-mask, a two-element Imaging lens, and a sub-mlcrometer-preclslon translation stage. By this config- 
uration, the process attains a beam size and a travel pitch of a substrate stage, both of the order of micrometers. How- 
ever, a laser beam applied onto the photo mask has a spatial intensity profile depending on the light source, and when 

so the process is applied to the processing of a large substrate as mentioned above, the strength of a patterned light pass- 
ing through the center of the mask and that passing through the periphery of the mask critically differ from each other. 
Accordingly, a crystalline silicon thin film having a desired uniformity cannot be significantly obtained. In addition, as an 
ultraviolet radiation with a short wavelength is reduced and projected, the focal depth of the beam is small and the Irra- 
diation depth Is liable to shift due to warp or deformation of the substrate. With an increasing area of the substrate, the 

55 mechanical precision of the stage cannot be significantly ensured, and a little tilt of the stage or a displacement of the 
substrate on the stage disturb a target laser Irradiation. 

[0010] A process Is known for the laser Irradiation. In this process, a plurality of pulses are applied while the irradi^ 
ation of each pulse Is retarded. This process is disclosed by Ryolchi ishihara et al. in "Effects of light pulse duration on 
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exclmer laser crystallization characteristics of silicon thin films", Japanese Journal of Applied Physics, vol. 34, No. 4A, 
(J 995), pp 1759 (Reference 4). According to this reference, the crystallization solidification rate of a molten silicon In a. 
I^ser recrystalllzatlon process is 1 m/sec or more. To achieve a satisfactory growth of crystals, the solidification rate 
must be reduced. By applying a second laser pulse Immediately after the completion of solidification, the second irra- 

5 diation of laser pulse can yield a recrystallization process with a less solidification rate. In viewing a temperature change 
(a time-hysteresis curve) of silicon as shown in Fig. 4, the temperature of silicon increases with the irradiation of laser 
energy, for example, as a pulse with an Intensity shown in Fig. 5. When a starting material is an amorphous silicon (a- 
SI), the temperature further increases after the melting point of a-SI, and when the supplied energy becomes less than 
the energy required for increasing the temperature, the material begins to undergo cooling. At the solidifying point of a 

w crystalline Si, the solidification proceeds for a solidification time and then completes, and the material is cooled to 
atmospheric temperature. Provided that the solidification of silicon proceeds in a thickness direction from an interface 
between silicon and the substrate, an average solidification rate is calculated according to the following equation. 



Average solidification rate a (Thickness of silicon)/(Solidification time) 

15 

[0011] Specifically, if the thickness of silicon Is constant, the solidification time is effectively prolonged to reduce the 
solidification rate. If the process maintains ideal conditions on thermal equilibrium, the solidification time can be pro- 
longed by increasing an Ideally supplied energy, I.e., a laser Irradiation energy. However, as pointed out in the above 
reference, such increased Irradiation energy invites the resulting film to become amorphous or microcrystalllne. In an 

20 actual melting and recrystallization process, the temperature does not change in an ideal manner as shown In Fig. 4, 
and the material undergoes overheating when heated and undergoes supercooling when cooled, and attains a stable 
condition. Particularly, when the cooling rate in cooling procedure is extremely large and the material undergoes ah 
excessive supercooling, the material is not crystallized at around its solidification point, and becomes an amorphous 
solid due to quenching and rapid solidification. Under some conditions, thin films are converted not into amorphous but 

25 into microcrystals, as shown in the above Reference 4; Such a microcrystalline thin film has an extremely small grain 
size as compared with a polycrystalline thin film or a single-crystal thin film. Thus, the microcrystalline thin film includes 
a multitude of grain boundaries each having a large grain boundary potential. If the thin film is applied to, for example, 
a thin film transistor, the resulting thin film transistor will have a decreased ON-state current or an increased OFF-state 
leak current. 

30 [0012] Separately, processes are known, which include a step for the formation of a-Si thin film as a material to be 
irradiated with laser, a step for irradiating the thin film with a laser, a step for hydrogenation with plasma, and a step for 
the formation of a gate insulating film, in this order or in a modified order, while the material thin film is kept from expo- 
sure to the air. These processes are disclosed in the following publications. 

[0013] Japanese Unexamined Patent Publication No. 5-1 82923 discloses a technique of subjecting an amorphous 
35 semiconductor thin film to a heat treatment and irradiating the treated thin film with a laser beam while keeping the thin 
film from exposure to the air. 

[0014] Japanese Unexamined Patent Publication No. 7-99321 discloses a technique of moving a substrate having 
a laser-induced crystallized polycrystalline silicon thin film to a plasma-enhanced hydrogenation step and a formation 
step of a. gate insulating film while keeping the substrate from exposure to the air. 
40 [0015] Japanese Unexamined Patent Publication No. 9-791 1 discloses a technique of moving a substrate having a 
laser-induced crystallized polycrystalline silicon thin film to a formation step of a gate insulating film while keeping the 
substrate from exposure to the air, 

[0016] Japanese Unexamined Patent Publication No. 9-17729 discloses a technique of moving a substrate having 
a laser-induced crystallized polycrystalline silicon thin film to a formation step of a gate insulating film while keeping the 
45 substrate from exposure to the air. By this configuration, the surface of the polycrystalline silicon is kept from adhesion 
of impurities. 

[0017] Japanese Unexamined Patent Publication No. 9-148246 discloses a technique of sequentially performing 
the formation of an amorphous silicon thin film, laser-induced crystallization, hydrogenation, and the formation of a gate 
insulating film, without exposing the work to air. 
so [0018] Japanese Unexamined Patent Publication No. 1 0-1 1 6989 discloses a technique of sequentially performing 
the formation of an amorphous silicon thin film, laser-induced crystallization, hydrogenation, and the formation of a gate 
insulating film, without exposing the work to air. 

[0019] Japanese Unexamined Patent Publication No. 10-149984 discloses a technique of sequentially performing 
the formation of an amorphous silicon thin film, laser-induced crystallization, hydrogenation, and the formation of a gate 
55 insulating film, without exposing the work to air. 

[0020] Japanese Unexamined Patent Publication No. 11-17185 discloses a technique of sequentially performing 
the formation of an amorphous silicon thin film, laser-induced crystallization, the formation of a gate insulating film, and 
the formation of a gate electrode, without exposing the work to air. 
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[0021] These concepts and techniques have been proposed to solve the following problems. Specifically, the sur- 
face of silicon formed by laser-induced crystallization is very active, and when the surface Is exposed to air, impurities 
are liable to adhere to the surface. Deteriorated or dispersed characteristics of the resulting TFT may therefore result. 
[0022] Accordingly, the present inventors compared the performance of an excimer iaser-lnduced crystallization 

5 process and a silicon oxide film formation process in the same system (including transfer of the substrate to another 
system without exposing the substrate to the air) and with the film once exposed to the air. The results of this experi- 
ment revealed that the former technique can Inhibit adhesion of dusts and particles and therefore greatly effectively 
improves yields of products. However, by increasing levels of cleanliness of clean room surroundings, equivalent advan- 
tages as above can be obtained to some extent To improve the yields, a system including a film forming system and a 

10 cleaning mechanism of the substrate in the same system Is most effective. This is because particles adhere to the sub- 
strate during film-formation under some conditions In an a-Si film forming step, and the film must be exposed to air to 
thereby be cleaned outside the system. 

[0023] In contrast, differences in production processes do not significantly affect the performances of thin film tran- 
sistors. The reasons for this may be supposed as follows. For example, K. Yuda et al. disclose a fixed oxide film charge 
is density (10 11 to 10 12 cm" 2 ) of a silicon oxide film and an interface state density (6x10 10 cm" 2 e\A 2 or less) between a 
silicon substrate and the silicon oxide film In "Improvement of structural and electrical properties In low-temperature 
gate-oxides for poly-Si TFTs by controlling 0 2 /SIH 4 ratios", Digest of Technical Papers 1 997 International Workshop on 
Active Matrix Liquid Crystal Displays, September 11-12, 1997, Kogakuln Univ., Tokyo, Japan, 87 (Reference 5). The 
above silicon oxide film is formed at a temperature of about 300°C to 350°C with plasma or formed through a heat treat- 
20 ment at about 600°C. The silicon substrate is generally subjected to an "RCA cleaning", is washed with water and is 
then introduced into a film forming system. In the RCA cleaning, the substrate is cleaned with an acidic solution, where 
necessary heated, such as a sulfuric acid-hydrogen peroxide mixture, a hydrochloric acid-hydrogen peroxide-water 
mixture, an ammonia-hydrogen peroxide-water mixture, or a hydrofluoric acid-water mixture. The aforementioned inter- 
face state density is obtained from a sample of a single-crystal silicon substrate that Is exposed to air after the formation 
25 of a clean surface (cleaning) and is then moved to the film-formation step. 

[0024] Focussing attention to a trap state density of the laser-induced crystallized silicon film, H. Tanabe et al. dis- 
close a trap state density of a crystallized silicon of 10 12 to 10 13 cm" 2 In thin film transistors with laser-induced crystal- 
lized silicon films, in "Excimer laser crystallization of amorphous silicon films", NEC Research and Development, vol. 
35, (1994), 254 (Reference 6). These transistors exhibit satisfactory properties of a field effect mobility of 40 to 140 



[0025] The trap state density of the silicon film Is significantly larger than the interface state density (or fixed oxide 
film charge density) of the silicon film. Specifically, to obtain satisfactorily advantages of a clean surface of a sample that 
Is obtained by forming a silicon film and a gate insulating film In the same system without exposing the substrate to air, 
the performance (the trap state density) of the silicon film is still Insufficient 

35 [0026] As a means for reducing damage by plasma and forming a gate insulating film of good quality, a remote 
plasma-enhanced chemical vapor deposition (CVD) process has been proposed. For example, Japanese Unexamined 
Patent Publication (JP-A) No. 5-21393 discloses a configuration in which a plasma generating chamber Is separated 
from a substrate processing chamber. This configuration is supposed to attain such a low fixed oxide film charge density 
of 10 11 to 10 12 cm' 2 and a low interface state density of 6 x 10 10 cm" 2 e\A 2 or less as mentioned above. However, this 

40 advantage is restricted by the performance, of a silicon film which is previously formed. 

SUMMARY OF THE INVENTION 

[0027] Accordingly, an object of the invention is to provide a process for forming a semiconductor thin film with a 
45 smaller trap state density by light irradiation and to provide a process and system for applying the above process to 
large substrates with a high reproducibility. 

[0028] Another object of the invention is to provide a means for forming a satisfactory gate insulating film on the 
semiconductor thin film of good quality and to provide a system for producing a field effect transistor having a satisfac- 
tory semiconductor-insulating film interface, i.e., satisfactory properties. 



(1 ) The invention provides, in a first aspect, a semiconductor thin film forming system for modifying a predetermined 
region of a semiconductor thin film by exposing the semiconductor thin film to a projected light patterned through 
plural patterns formed on a photo mask. The system includes a mechanism for uniformlzing the light to be applied 
In such a manner that the intensity of the light In a predetermined area on the photo mask distributes within a range 
55 . of ±1 1 .2% of the average intensity of the light in the area. According to the configuration, the exposure light is uni- 
formized to a spatial uniformity of about ±1 1 .2% or less with, for example, a beam homogenizer and Is then applied 
onto the photo mask. At least the spatial distribution of peak intensity of the light projected and applied on the sem- . 
iconductor thin film Is uniformized to an identical extent with that of the intensity distribution on the photo mask. As 



30 



cm 2 /Vsec. 



50 
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a result, the overall exposed regions of the semiconductor thin film can be modified by laser irradiation In a desired 
manner. 

(2) In a second aspect, the Invention provides a semiconductor thin film forming a system for modifying a predeter- 
mined region of a semiconductor thin film by exposing the semiconductor thin film to a projected light patterned 

5 through an exposure pattern formed on a photo mask, and the semiconductor thin film is formed on a substrate 
held on a substrate stage. The system includes a mechanism for sequentially scanning the semiconductor thin film 
with the patterned light by individually or concurrently driving the photo mask and the substrate stage. When an 
area on the substrate projected and irradiated with the light through the photo mask has a size smaller than that of 
substrate, the substrate is moved to an irradiation area by action of the substrate stage. A mask stage is moved 

w with response to the Irradiation of a laser beam while the substrate is fixed, and target regions of the thin film can 
be sequentially exposed to light. 

(3) The invention provides, in a third aspect, a semiconductor thin film forming system for modifying a predeter- 
mined region of a semiconductor thin film by exposing the semiconductor thin film to a projected light patterned 
through an exposure pattern formed on a photo mask. The system includes a focusing mechanism for obtaining the 

15 focus of the patterned light on the predetermined region of the semiconductor thin film when the semiconductor thin 
film is exposed to the projected patterned light. When the substrate is moved to an irradiated area by action of the 
substrate stage, the focus may be shifted and the focal position may differ between the center and the periphery of 
the substrate. The shift is caused by warp, deformation of the substrate, variation of thickness, or variation of the 
degree of vertlcality of the substrate stage relative to the exposure axis. Even in this case, the above configuration 

20 can adjust the focus as the need arises, and can exposure ail over the substrate in a desired manner with a good 
reproducibility. 

(4) According to a fourth aspect, the invention provides a semiconductor thin film forming system for modifying a 
predetermined region of a semiconductor thin film by exposing the semiconductor thin film to a projected exposure 
beam patterned through a pattern formed on a photo mask. The system includes a tilt correcting mechanism (or a 

25 leveling mechanism) for correcting the tilt of the projected patterned beam relative to the semiconductor thin film. 
When the substrate is moved to an irradiated area by action of the substrate stage, the focal axis may be shifted 
and differ between the center and the periphery of the substrate, this shift is caused by warp, deformation of the 
substrate, variation of thickness, or variation of the degree of verticality of the substrate stage relative to the expo- 
sure axis. Even in this case, the above configuration can correct the tilt or level of the substrate as the need arises, 

30 and can exposure all over the substrate In a desired manner with a good reproducibility. 

(5) The invention provides, in a fifth aspect, a semiconductor thin film forming system for modifying a predetermined 
region of a semiconductor thin film by exposing the semiconductor thin film to a projected exposure beam patterned 
through a pattern formed on a photo mask. The system includes an alignment mechanism (or an alignment func- 
tion) for aligning the patterned exposure beam relative to a mark formed on a substrate, on which the semiconduc- 

35 tor thin film is deposited. By specifying an exposure area with reference to the alignment mark previously formed, 
a semiconductor thin film can be exposed and modified in a target region under target exposure conditions. For 
example, a channel region of a transistor alone can be exposed and modified. Specifically, source-drain and chan- 
nel regions can be sequentially patterned and formed according to the modified regions in successive steps. 

(6) In a sixth aspect, the invention provides a semiconductor thin film forming system for modifying a predetermined 
40 region of a semiconductor thin film by exposing the semiconductor thin film to a projected light patterned through a 

pattern formed on a photo mask. The system includes a mechanism (or a function) for holding a substrate on a 
stage, the semiconductor thin film being deposited on the substrate. When an area on the substrate projected and 
irradiated with the light through the photo mask has a size smaller than that of substrate, the substrate is moved to 
an irradiated area by action of the substrate stage. A mask stage is moved according to the irradiation of a laser 

45 beam while the substrate Is fixed, and target regions of the film are sequentially exposed to light. In this case, the 
substrate on the stage Is displaced due to, for example, the movement of the substrate stage. Particularly when a 
rotation correction (0 correction) is required, corrections upon the dislocation of the substrate deteriorate the 
throughput, and the substrate must be fixed and held. When the substrate is heated on the stage, the substrate 
warps or bends due to heating, which causes shift of the focus or tilt of the substrate from the exposure axis. The 

so above configuration can avoid these problems. 

(7) In a seventh aspect, the invention provides a semiconductor thin film forming system for modifying a predeter- 
mined region of a semiconductor thin film by exposing the semiconductor thin film to a projected exposure beam 
patterned through a pattern formed on a photo mask. The system includes a composing mechanism for composing 
a plurality of laser beams into the exposure beam. 

55 (8) In the system Just mentioned above, the plurality of laser beams is preferably first and second laser beams, and 
the composing mechanism preferably composes the first and second laser beams in such a manner that the sec- 
ond laser beam is applied onto the semiconductor thin film with a delay relative to the first laser beam. 

Fig. 6 shows the relationship of the maximum cooling rate (Cooling rate, K/sec) obtained by mathematical cal- 
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culatlon with the threshold Irradiation Intensity between crystallization and microcrystallizatibn. In this case, a 75- 
nm silicon thin film is irradiated with an exclmer laser with a wavelength of 308 nm, and the threshold is obtained 
by a scanning electron microscopic (SEM) observation of the silicon thin film after laser Irradiation. Fig. 5 shows an 
emission pulse shape of the laser used in the experiment. This pulse shape exhibits a long emission time 5 times 
5 or more that of a rectangular pulse with a pulse width of 21.4 nsec described in the Reference 6. Even a single 
pulse Irradiation with the pulse shape In question is therefore expected to reduce the solidification rate as described 
in the Reference 6. 

Fig. 7 shows a calculated temperature-time curve of silicon in laser recrystallization using the pulse shape in 
question. Specifically, Fig. 7 shows the temperature change of a silicon thin film 75 nm thick on a SI0 2 substrate. 

w when an XeCI laser having a wavelength of 308 nm is applied at an Irradiation intensity of 450 mJ/cm 2 . About 60 
nsec into the Irradiation, a second emission peak nearly completes, and the temperature attains the maximum and 
then turns to decrease. In this connection, in the mathematical calculation, a melting-solidification point of amor- 
phous silicon Is employed as the melting-solidification point, and the behavior of the material round the solidification 
point differs from that in actual case. Particularly when a crystallized film is obtained, the crystallization completes 

15 at the solidification point of the crystalline silicon. 

The curve has a large gradient upon the initiation of cooling, but has a very small gradient at about 100 nsec, 
i.e., at a third emission peak. At an elapsed time of 1 20 nsec, the light emission completely ceases, and the silicon 
is then solidified through another rapid cooling process. Generally, when a liquid is solidified through "quenching 0 
which Is greatly out of a thermal equilibrium process) a sufficiently long solidification time cannot be obtained to 

20 form a crystal structure, and the resulting solid Is amorphous (non-crystal). 

The maximum cooling rate was estimated from a temperature-time curve of silicon as shown in Fig. 7. Fig. 6 . 
shows the estimated maximum cooling rates after the completion of light emission with respect to individual irradi- 
ation intensities. The figure shows that the cooling rate increases with an Increasing Irradiation Intensity. 

Separately, the structure of the silicon thin film after laser irradiation was observed with a scanning electron 

25 microscope. As a result, the grain size once increased with an increasing irradiation intensity, but microcrystalliza- 
tlon was observed at a set irradiation intensity of about 470 mJ/cm 2 . When the film was irradiated with three laser 
pulses, the grain size markedly increased even at a set irradiation intensity of about 470 mJ/cm 2 , while a mlcroc-. 
rystallized region partially remained (Fig. 8). This large Increase of the grain size differs from the behavior of the 
grain size in the one-pulse Irradiation, in this connection, actual irradiation intensity is 5% to 10% higher than the 

30 set level, typically In Initial several pulses of excimer laser. The threshold Intensity at which mlcrocrystallization 
occurs can be therefore estimated as about 500 mJ/cm 2 . 

Based on these results, the cooling rate at 500 m J/cm 2 as shown in Fig. 6 is estimated, and microcrystallization 
is found to occur at a cooling rate of about 1.6x1 0 10o C/sec or more. When the film to be irradiated is an a-Si film, 
the microcrystallization occurs at an irradiation intensity of about 500 mJ/cm 2 or more. Likewise, when the film to 

35 be Irradiated is a poly-Sl film, the microcrystallization may occur at an irradiation intensity about 30 mJ/cm 2 higher 
than that In the a-SI at the same cooling rate of about 1.6 x 10 10o C/sec. By controlling the cooling rate to 1.6 x 
10 10o C/sec or less, therefore, the resulting crystal can be kept from becoming microcrystalline or amorphous and 
can satisfactorily grow. 

Next, the case is explained where a delayed second laser light Is irradiated with a delay relative to a first laser 

40 light. As is described above, a laser light at a late light emission stage suppresses the Increase of the cooling rate, 
and the cooling rate after the completion of light emission controls the crystallization. The last supplied energy is 
supposed to initialize precedent cooling processes. Specifically, by supplying additional energy, a precedent cool- 
ing process Is once Initialized and a solidification process is repeated again, even if the crystal becomes amor- 
phous or microcrystalline in the precedent cooling process. This is probably because the Interval of light irradiation 

45 is very short of the order of nanoseconds, and loss of the energy by thermal conduction to the substrate and radi- 
ation to the atmosphere is small. The energy previously supplied therefore remains nearly as Intact. In this assump- 
tion, a long time interval sufficient to dissipate heat is not considered. Accordingly, by controlling the cooling rate 
after the completion of a second heating by the additionally supplied energy, the crystal is expected to grow satis^ 
factorily. As shown in Fig. 9, the cooling rate is controlled to a desired level by controlling the delay time of the sec- 

so ond laser irradiation. 

Next, the spatial Intensity distribution of an irradiated beam will be described below. In laser Irradiation with plu- 
ral silts, the spatial distribution in a slit and the spatial intensity distribution between slits should be preferably con- 
stant. However, these Intensities vary plus or minus several percents to plus or minus twenty percents due to 
restriction of designing and production of such optic devices. At the worst, the Intensities vary or distribute within a 

55 range of plus or minus several ten percents. Such a high variation is caused by the change of the excimer laser 
beam with time or consumption of the optical system, or adhesion of foreign substances to the optical system. Fig. 
10 shows the change of the average crystal grain size d obtained from a microscopic photograph as shown in Fig. 
8. The average crystal grain size d depends on the irradiation Intensity and the number N of irradiation times (the 
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number of Irradiated pulses), and is expressed by the formula d = KN n , wherein K is a constant and n is an* incli- 
nation. Fig. 10 indicates that the Inclination n of the grain size change with respect to the number N of irradiation 
times changes on the border of an Irradiation intensity of about 450 mJ/cm 2 . When target production conditions are 
designed based on the Irradiation intensity and the number N of irradiation times per irradiated site, it Is preferred 

5 not to concurrently employ a condition where n=1/4 and a condition where n=1/7, both in the spatial intensity dis- 
tribution. Even if the Intensity spatially varies, irradiation of the film should be preferably performed in such a man- 
ner that the irradiation Intensity falls in a range of, for example, 521 to 470 mJ/cm 2 (a range of ±5.2% of an average 
Intensity of 495 mJ/cm 2 ) or of 424 to 339 mJ/cm 2 (a range of ±1 1 .2% of an average intensity of 381 .5 mJ/cm 2 ). By 
this configuration, a laser-crystallized Si thin film exhibiting a minimized difference in average grain size can be 

10 obtained. 

(9) In an eighth aspect, the Invention provides a semiconductor thin film forming system having a process chamber, 
and the process chamber serves to modify a predetermined region of a semiconductor thin film by exposing the 
semiconductor thin film on a substrate to a projected light patterned through a pattern formed on a photo mask. The 
system Includes a mechanism for moving the substrate from the process chamber to a different process chamber 

15 without exposing the substrate to the atmosphere (or the air). 

(10) In the system just mentioned in (9), the different process chamber is preferably an insulating film forming 
chamber for the formation of an insulating film on the substrate. 

By forming a semiconductor film-gate insulating film In the same system without exposing the film to air, the 
trap state density of the semiconductor thin film becomes equal to or less than the interface state density, and the 
20 film can be sufficiently maintained clean to thereby yield a satisfactory semiconductor-Insulating film interface. 

(1 1 ) In the system according to the eighth aspect, the different process chamber may be preferably a semiconduc- 
tor film forming chamber for the formation of a semiconductor film on the substrate. 

(12) In the system according to the eighth aspect, the different process chamber may be preferably a heat treat- 
ment chamber for treating the substrate with heat. 

25 (13) Preferably, the different process chamber In the system according to the eighth aspect is a plasma treatment 
chamber for subjecting the substrate to a plasma treatment by treating the substrate with plasma. 

(14) In the system according to the eighth aspect, the process chamber is preferably a laser treatment chamberfor 
modifying the predetermined region of the semiconductor thin film by exposing the semiconductor thin film on the 
substrate to a projected laser beam patterned through the pattern formed on the photo mask. The different process 

30 chamber is preferably another laser treatment chamber. 

By these configurations, the invention can provide high-performance and multi-functional systems for the for- 
mation of semiconductors, can provide processes for producing thin film transistors with a high reproducibility, and 
can provide high-performance thin film transistors. 

Specifically, the invention can provide 1) a highly stable semiconductor thin film processing system by which a 
35 cleaning process with cleaning solutions can be eliminated, 2) a multifunctional system by which a multitude of 
processes can be performed In the same system to yield a space-saving semiconductor processing system with a 
smaller area of the overall facilities, and 3) a process for producing a high performance thin film transistor at low 
costs, which can maintain the clean surface (Interface) of silicon without the use of cleaning solutions. 

(15) The different process chamber in the system indicated in one of (9) to (13) preferably Includes a plasma gen- 
40 eratlng source for generating plasma In a predetermined area of the different process chamber. The substrate is 

preferably placed In an area In the different process chamber other than the predetermined area. 

(16) In the preferred system Indicated In (13), the another process chamber includes a plasma generating source 
for generating plasma In a predetermined area of the different process chamber. The different process chamber 
serves to subject the substrate to the plasma treatment by reacting an excited gas with a different gas. The excited 

45 gas Is excited by the plasma generated in the predetermined area The different gas is introduced into the different 
process chamber without passing through the predetermined area. 

[0029] By the configuration where the plasma generating chamber is separated from the substrate process cham- 
ber, damage induced by plasma can be reduced to yield a satisfactory gate insulating film. In addition, the trap state 
so density of the semiconductor thin film becomes equal to or less than the interface state density, and a satisfactory sem- 
iconductor-Insulating film interface can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 [0030] 

Fig. 1 1s a schematic diagram of a conventional excimer laser annealer. 

Figs. 2A to 2D are timing charts showing conventional and Invented operation procedures of laser annealing. 
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Fig. 3 Is a diagram showing the pulse to pulse stability of laser pulse intensities. 
Fig. 4 is a diagram showing an illustrative temperature change of a silicon film. 
Fig. 5 is a diagram showing an illustrative laser pulse shape. 

Fig. 6 Is a diagram showing the relationship between the irradiation intensity and the cooling rate, and the cooling 
5 rate at which the film becomes amorphous. 

Fig. 7 is an illustrative diagram of calculated temperature changes of a silicon thin film. 
Fig. 8 Is a diagram showing crystal forms of silicon thin films corresponding to individual irradiation intensities. 
Fig. 9 is a diagram showing the maximum cooling rate after the supply of a second pulse, and the cooling rate 
around the solidification point. 

10 Fig. 10 is a diagram showing the relationship between the average crystal grain size and the process condition. 
Fig. 1 1 is a diagram showing the overall configuration of an embodiment of the invented exposure system. 
Fig, 12 is a diagram showing an embodiment (aligning process) of the Invented exposure system. 
Figs. 13A to 13E are diagrams showing an embodiment (mask projection process) of the Invented exposure sys- 
tem. 

15 Figs 14A and 14B are diagrams showing embodiments (control procedures) of the Invented exposure system. 

Fig. 15 is a side sectional view showing the Invented exposure system, transfer chamber, and plasma-enhanced 
CVD chamber. 

Fig. 1 6 is a top view of the invented composite system Including, for example, an exposure system, transfer cham- 
ber, and plasma-enhanced CVD chamber. 
20 Fig. 1 7 is a side sectional view of the Invented plasma-enhanced CVD chamber. 

Figs. 1 8A to 1 8G2 are sectional views showing the invented process for producing TFT. 
Figs. 1 9A to 1 9G2 are sectional views showing the Invented process for producing TFT using alignment mark. 
Figs. 20A to 20G2 are sectional views showing the invented process for producing TFT including the formation of 
an alignment mark. 

25 Fig. 21 is a block diagram showing an embodiment of the control procedure for delayed pulse laslng with plural light 
sources according to the Invention. 

Figs. 22A to 22D are diagrams showing an embodiment of the control procedure for delayed pulse laslng from plu- 
ral light sources according to the invention. 

Fig. 23 is a diagram showing the invented laser anneaier including a focusing system. 
30 Fig. 24 is a schematic diagram of the invented composite system. 
Fig. 25 is an enlarged view of the bellow shown in Fig. 24. 

Fig. 26 is a diagram showing the relationship between the process chamber and the vibration isolation stage shown 
in Fig. 24. 

Fig. 27 Is an enlarged view showing the configuration of the vibration Isolation stage shown in Fig. 26. 

35 Fig. 28 is a sectional view of the invented vacuum linear actuator driving unit. 
Fig. 29 is a vertical sectional view taken along with the line C-C in Fig. 28. 
Fig. 30 is a diagram showing the schematic configuration of the driving unit shown in Fig. 28. 
Fig. 31 is a top view of the invented mask stage driving mechanism. 
Fig. 32 is a vertical sectional view taken along with the line B-B In Fig. 31 . 

40 Fig. 33 Is a top view showing the invented stage unit Including a pneumatic tilt mechanism, where a stage is dis- 
mounted. 

Fig. 34 is a side sectional view of a pneumatic tilt mechanism for use in the invention. 

Fig. 35 is a diagram showing the process and system for eliminating reflected light for use in the Invention. 

Fig. 36 is a vertical sectional view showing the configuration of an embodiment of the Invented system. 
45 Fig. 37 is an enlarged sectional view of different holes formed in a partition. 

Fig. 38 is a vertical sectional view showing the configuration of another embodiment of the invented system. 

Fig. 39 is a vertical sectional view showing the configuration of a further embodiment of the invented system. 

Fig. 40 is a block diagram showing the configuration of the invented silicon oxide thin film forming system. 

Fig. 41 Is a graph showing an illustrative change of material gas supply. 
so Fig. 42 Is a graph showing another Illustrative change of material gas supply. 

Fig. 43 Is a schematic side sectional view of an embodiment of the invented thin film forming system. 

Fig. 44 is a schematic side sectional view of the configuration of the modifier supply unit 81 33 arranged in the trans- 
fer chamber of the system in Fig. 43. 

Fig. 45 is a diagram of an embodiment of the composite optical system of plural beams for use in the invention. 
55 Fig. 46 is a diagram of an embodiment of a composite optical system of plural beams for use in the invention. 
Fig. 47 is a diagram showing an embodiment of a mask stage mechanism for use in the Invention. 
Figs. 48A and 48B are diagrams showing an embodiment of a mask stage mechanism for use In the invention. 
Fig. 49 is a diagram showing the system and process for precision alignment for rectangular beams. 
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Fig. 50 is a diagram showing an illustrative alignment mark arrangement for use in the invention; 

Fig. 51 is a perspective view showing the arrangement of an alignment mark. 

Rg. 52 Is a diagram showing the configuration of a laser annealer as an embodiment of the invention. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0031] The embodiments of the Invention will now be Illustrated In detail with reference to the drawings. 

[0032] Fig. 1 1 shows an embodiment of the invention. Pulsed ultraviolet (UV) beams are supplied from a first exci- 

mer laser EL1 and a second excimer laser EL2 and are introduced via mirrors opt3 and otp3* and lenses opt4 to a 

10 homogenizer opt20\ The Intensity profile of the beam is adjusted in the homogenizer so as to attain a target uniformity 
in a photo mask opt21 , for example, an In-plane distribution of ±5%. Original beams supplied from the excimer lasers 
may have an intensity profile or total energy which varies pulse to pulse. The system therefore preferably includes a 
mechanism for adjusting the spatial intensity distribution and pulse-to-pulse intensity variation on the photo mask to 
achieve a higher uniformity. The homogenizer generally includes a fly-eye lens or a cylindrical lens. The patterned light 

15 formed by the photo mask is applied via a reduction projection optical system opt23' and a laser inlet window WO onto 
a substrate subO placed In a vacuum chamber CO. The substrate Is mounted on a substrate stage SO, and a target 
region, for example, a pattern transfer region exO, can be exposed to the patterned light by operating the substrate 
stage. In Rg. 1 1 , the reduction projecting optical system Is Illustrated, but the system can include a 1:1 projecting optical 
system or an enlargement projecting optical system. An optional region on the substrate is irradiated with the patterned 

20 light by moving the substrate stage in X-Y direction In the figure. The photo mask is mounted on a mask stage (not 
shown), and the beam to be applied on the substrate can be controlled also by moving the photo mask within a region 
capable of exposing.. 

[0033] To apply a target patterned light onto the substrate under desired conditions, a mechanism is required. An 
illustrative mechanism will now be described. As an optical axis should be delicately and precisely adjusted, in the fol- 

25 lowing example, the optical axis is once adjusted and then fixed, and the position of the substrate is adjusted to control 
the irradiation. For adjusting the position of the irradiated surface of the substrate relative to the optical axis, the position 
of the surface in a direction of the focus (Z direction) and the verticality relative to the optical axis must be corrected. Of 
the 6xy tilt correction direction, 6xz tilt correction direction, Gyz tilt correction direction, X exposure region moving direc- 
tion, Y exposure region moving direction, and Z focusing direction in the figure, the verticality relative to the optical axis 

30 is corrected by adjusting in the 6xy tilt correction direction, exz tilt correction direction, and 0yz tilt correction direction, 
The position of the Irradiated surface of the substrate is controlled to an appropriate position according to the focal 
depth of the optical system by adjusting the Z focusing direction. 

[0034] . Rg. 12 is an illustrative side sectional view of the adjustment and alignment mechanism of the substrate. 
The photo mask opt21 , the reduction projection optical system opt23', and the laser inlet window WO are arranged with 

35 respect to an exposure axis LO, as shown in the figure. The substrate subO placed in a vacuum chamber CO is mounted 
on a heater HO with a substrate adhesion mechanism, and a substrate-XYZexyGxzGyz-stage SO'. In this embodiment, 
a vacuum chamber is used, but actual light Irradiation should be preferably performed in an atmosphere of, for example, 
an inert gas, hydrogen gas, oxygen gas, or nitrogen gas. The Inside of the chamber is once evacuated and is then 
replaced with the above-mentioned gas. The pressure in the chamber may be around atmospheric (barometric) pres- 

40 sure. By using a heater with a substrate adhesion mechanism, the substrate can be heated at a temperature of from 
room temperature to about 400°C in light irradiation procedure. When the inside pressure is set around barometric 
pressure, the substrate can be stuck to the heater through a vacuum chucking mechanism. Accordingly, the misalign- 
ment of the substrate can be inhibited even if the substrate stage moves in the chamber, and the supplied substrate can 
be surely fixed to the substrate stage even if the substrate has some warp or bending. In addition, the shift of the focal 

45 depth due to heat-induced warp or bending can be minimized. 

[0035] Laser Interferometers 11 and i2 make alignment of the substrate and a measurement of the position of the 
substrate in Z direction, via a length measuring window W-i and a length measuring mirror opt-I. To align the substrate, 
the position of an alignment mark on the substrate Is determined with an off-axis microscope mO, a microscope light 
source Lm, and a microscope element opt-m. A target exposure position can be determined using information about 

so the substrate position obtained from the laser interferometer system. In Fig. 12, the off-axis alignment is illustrated, but 
the Invented system can also employ through-the-lens alignment or through-the-mask (through-the-reticle) alignment. 
In the measurement, measurement errors can be averaged by making measurements from plural measuring points and 
determining a linear coordinate based on the measured data through the least square method. 
[0036] Rgs. 13A to 13E show the relationship between a mask pattern and an alignment mark. The mask includes 

55 a mask non-exposure area maskl and a mask exposure area mask2. For example, when an excimer laser is used as 
the light source, a film that absorbs and reflects ultraviolet radiation Is formed on a quartz substrate. The ultraviolet radi- 
ation passes through such a quartz substrate. The film Is formed from, for example, aluminium, chromium, tungsten, or 
other metals, or is a dielectric multilayer film, and is then patterned by photolithography and etching processes to yield 
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the mask. According to a target pattern on the mask (indicated by the white areas In Fig. 1 3A), a silicon film is exposed 
to yield exposed SI portions (Sl2) In a non-exposed SI (SH)as shown in Figs. 13B and 13C. Where necessary, align- 
ment and adjustment Is conducted to make a mark on the mask markl agree with a mark on the substrate mark2 prior 
to exposure. A predetermined and designed region on the silicon thin film can be therefore exposed. In the thin film tran- 

5 slstor forming process using a silicon thin film, If the exposure process is a first process requiring the alignment (i.e., no 
alignment mark is formed prior to the exposure process), an exposed mark mark3 should be preferably formed by expo- 
sure concurrently in the exposure process of the silicon thin film. By this procedure, an alignment mark can be formed 
using an optical color difference between a-Si and crystalline Si. By performing, for example, photolithography in a suc- 
cessive process with reference to the above alignment mark, transistors and other desired mechanisms and functions 

10 can be formed in target regions which are exposed and modified. Subsequent to the exposure process, an Si oxide film 
Is formed on the silicon thin film and a target region of the silicon film is removed by etching. Fig. 13D and 13E show 
the state Just mentioned above. A removed Si region (Sl3) is a region where the laminated silicon film and Si oxide film 
are removed by etching. In this configuration, SI oxide films (SI4 and Si5) are laminated on the non-exposed y Si (S11) 
and the exposed Si (Si2). By forming island structures Including a silicon film covered with an oxide. film as stated above, 

is desired channel-source-drain regions of a thin film transistor or alignment marks necessary for successive processes 
can be formed. In such a transistor, elements are separated from one another. 

[0037] Figs. 1 4A and 1 4B are timing charts of essential control procedures. In the illustrative control procedure (1 j, 
the substrate is moved to a target exposure position by operating the substrate stage. Next, the exposure position is 
accurately adjusted by focusing or alignment operation. In this procedure, the exposure position is adjusted to achieve 

20 a target predetermined accuracy of error of, for example, about 0.1 urn to 1 00 \im. On completion of this operation, the 
substrate is Irradiated with light. On completion of series of these operations, the substrate is moved to a successive 
exposure position. On completion of irradiation of all the necessary regions on the substrate, the substrate is replaced 
with a new one, and the second substrate to be treated is subjected to a series of the predetermined operations. 
[0038] In the illustrative control procedure (2), the substrate is moved to a target exposure position by operating the 

25 substrate stage. Next, the exposure position is accurately adjusted by focusing or alignment operation. In this proce- 
dure, the exposure position is adjusted to achieve a target predetermined accuracy of error of, for example, about 0.1 
urn to 100 \im. On completion of this operation, the mask stage starts to operate, In the chart shown in Fig. 14B, the 
substrate Is irradiated with light after the initiation of the mask stage operation to avoid variation of moving steps during 
startup. Naturally, a region at a distance from the alignment position is to be exposed due to the movement of the stage, 

30 and an offset corresponding to the shift must be previously considered. To avoid unstable operations, the light source 
may be operated prior to the light irradiation to the substrate, and the substrate may be irradiated with light by opening, 
for example, a shutter. Particularly, when an excimer laser is employed as the light source and lasing periods and sus- 
pension periods are repeated in turn, several ten pulses emitted at early stages are known to be particularly unstable. 
To avoid irradiation with these unstable laser pulses, the beams can be intercepted according to the operation of the 

35 mask stage. On completion of irradiation of all the necessary regions on the substrate, the substrate is replaced with a 
new one, and the second substrate to be treated is subjected to a series of the predetermined operations. 
[0039] In this connection, an a-Si thin film 75 nm thick was scanned with a 1 mm x 50 urn beam at a 0,5-nm pitch 
in a minor axis direction. When the scanning (irradiation) was performed using one light source at a laser irradiation 
intensity of the irradiated surface of 470 mJ/cm 2 , a continuous single-crystal silicon thin film In the scanning direction 

40 was obtained. In addition, a beam from a second light source was applied with a delay time of 1 00 nsec to yield a laser 
irradiation intensity of the irradiated surface of 150 mJ/cm 2 , a continuous single-crystal silicon thin film In the scanning 
direction was obtained, even at a scanning pitch of 1 .0 nm. The trap state density in the crystallized silicon film was less 
than 10 12 cm" 2 . 

[0040] Fig. 15 is a side sectional view of an embodiment of the invented semiconductor thin film forming system. 

45 The system includes a plasma-enhanced CVD chamber C2, a laser irradiation chamber C5, and a substrate transfer 
chamber C7. In the system, the substrate can be transferred via gate valves GV2 and GV5 without exposing to an 
atmosphere outside the system. The transfer can be performed in vacua or in an atmosphere of an inert gas, nitrogen 
gas, hydrogen gas or oxygen gas, in high vacuum, under reduced pressure or under pressure. In the laser irradiation 
chamber, the substrate is placed on a substrate stage S5 with the aid of a chucking mechanism. The substrate stage 

so S5 can be heated to about 400°C. In the plasma-enhanced CVD chamber, the substrate is placed on a substrate holder 
S2. The substrate holder S2 can be heated to about 400°C. The figure illustrates the following state. A silicon thin film 
S11 Is formed on a glass substrate SubO, and the substrate Is then brought into the laser irradiation chamber. The sur- 
face silicon thin film is modified into a crystalline silicon thin film Sl2 by laser irradiation, and the substrate Is then trans- 
ferred to the plasma-enhanced CVD chamber. 

55 [0041] Laser beams are brought Into the laser Irradiation chamber In the following manner. The laser beams are 
supplied from an excimer laser 1 (EL1) and an excimer laser 2 (EL2), pass through a first beam line L1 and a second 
beam line 12 and a laser composing optical system opt1 , a mirror opt1 1 , a transmisslve mirror opt1 2, a laser Irradiation 
optical system opt2 f a homogenizer opt20, a photo mask opt21 mounted and fixed on a photo mask stage opt22, a pro- 
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jection optical system opt23, and a laser Inlet window W1 , and reach the substrate surface. In this figure* two excimer 
lasers are illustrated, but an optional number (one or more) of light sources can be employed In the system. The light 
source is not limited to the excimer laser and Includes, for example, carbon gas laser, yttrium-aluminum-garnet (YAG) 
laser, and other pulse lasers. In addition, laser pulses can be made and applied onto the substrate by using argon laser 

5 or another continuous wave (CW) light source and a high speed shutter. 

[0042] In the plasma-enhanced CVD chamber, a radio frequency (RF) electrode D1 and a plasma confinement 
electrode D3 constitute a plasma generating region D2 at a position at a distance from a region where the substrate Is 
placed. For example, oxygen and helium are supplied to the plasma generating region, and a silane gas is supplied to 
the substrate using a material gas inlet system D4, By this configuration, a silicon oxide film can be formed on the sub- 

10 strate. 

[0043] Fig. 1 6 is a top view of another embodiment of the invented semiconductor. thin film forming system. A sub- 
strate transfer chamber 07 is respectively connected to a load-unload chamber C1 , a plasma-enhanced CVD chamber 
C2, a substrate heating chamber C3, a hydrogen plasma treatment chamber C4, and a laser Irradiation chamber C5 
via gate valves GV1 through GV6. Laser beams are supplied from a first beam tine L1 and a second beam line L2 and 

15 are applied to the substrate surface via a laser composing optical system opt1, a laser irradiation optical system opt2, 
and a laser Inlet window W1. Gas supply systems gas1 to gas7, and ventilators ventl to vent7 are connected to the 
Individual process chambers and the transfer chamber. By this configuration, desired gas species can be supplied, and 
target process pressures can be set. In addition, the ventilation and degree of vacuum can be controlled. Substrates 
sub2 and sub6 to be processed are placed horizontally as indicated by dotted lines In the figure. 

20 [0044] Fig. 1 7 is a schematic diagram of the plasma-enhanced CVD chamber C2. A radio frequency power source 
RF1 supplies a radio frequency electrode RF2 with power. As the frequency, a high frequency of 13.56 MHz or more is 
suitable. Plasma Is generated between an electrode RF3 with gas supply holes, and the radio frequency electrode RF2. 
Radicals are formed by plasma reaction and are Introduced through the gas supply holes of the electrode into a region 
where the substrate is placed. Another gas Is introduced by a flat gas supply system RF4 without exposure to the 

25 plasma , and a gas phase reaction occurs to form a thin film on the substrate sub2. A substrate holder S2 Is designed 
to heat the substrate from room temperature to about 500°C using, for example, a heater. A silicon oxide film can be 
formed by reacting oxygen radicals with silane gas. In this reaction, the ventilator vent2 t the gas supply system gas2, 
an oxygen gas line gas21, a helium gas line gas22, a hydrogen gas line gas23, a silane gas line gas24, a helium gas 
line gas25, and an argon gas line gas26 are used as shown in the figure. When a silicon oxide film was formed at a 

30 substrate temperature of 300°C, at a pressure of 01 Torr, at an RF power of 1 00 W, at a silane flow rate of 1 0 standard 
cubic centimeter per minute (seem), at an oxygen flow rate of 400 seem, and at a helium flow rate of 400 seem. The 
resulting silicon oxide film was found to have a satisfactory property of a fixed oxide film charge density of 5 x 10 11 cm" 
2 . A more satisfactory oxide film can be formed by increasing the ratio of the oxygen flow rate to the silane flow rate. 
The plasma-enhanced CVD chamber is not limited to a parallel plate RF plasma-enhanced CVD system as stated 

35 above. The CVD process also includes a CVD process under reduced pressure, a CVD process at normal pressure, or 
other processes without the use of plasma, as well as plasma-enhanced CVD processes using microwaves or electron 
cyclotron resonance effect. 

[0045] Table 1 shows illustrative gas species required when the plasma-enhanced CVD system shown in Fig. 1 7 is 
used for the formation of thin films other than silicon oxide films. 

40 



Table 1 



Illustrative combinations of gas species 




Si0 2 formation 


Si 3 N 4 formation 


Si formation 


Si formation 


Hydrogenation 


gas21 


0 2 


N 2 








gas22 


He 


Ar 




Ar 




gas23 






H 2 


H 2 


H 2 


gas24 


SiH 4 


SlH 4 


SiH 4 






gas25 


He 


Ar. 




Ar 




gas26 








SiF 4 





55 

[0046] A silicon nitride SI 3 N 4 film can be formed by using nitrogen N 2 or ammonia with an argon Ar carrier gas, and 
silane SiH 4 with an argon carrier gas. A silicon thin film can be formed by using hydrogen H 2 and silane, or using hydro- 
gen with an argon carrier gas and silicon tetrafiuoride SlF 4 with an argon carrier gas. In addition to these film forming 
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• processes, the plasma-enhanced CVD system can perform hydrogen plasma treatments of silicon thin films or of silicon 
oxide films. 

[0047] Figs. 18A to 18G2 are process flow charts showing an application of the invented semiconductor thin film 
forming system to a production process of thin film transistors. The process includes the following steps. 

5 [0048] In Step A (Fig. 18A), a glass substrate subO Is cleaned to remove organic substance, metals, fine particles 
and other impurities. Onto the cleaned glass substrate, a substrate covering film T1 and a silicon tin film T2 are sequen- 
tially formed. As the substrate covering film, a silicon oxide film is formed to a thickness of 1 ^im by low pressure vapor 
deposition (LPCVD) process at 450°C with silane and oxygen gases as materials. By using the LPCVD process, the 
overall exterior surface of the substrate can be covered with a film, except for a region where the substrate is held (this 

10 embodiment Is not shown in the figure). Alternatively, the process can employ, for example, a plasma-enhanced CVD 
process using tetraethoxysilane (TEOS) and oxygen as materials, a normal pressure CVD process using TEOS and 
ozone as materials, or the plasma-enhanced CVD process shown in Fig. 17. An effective substrate covering film 
Includes such a material as to prevent the diffusion of impurities in the substrate material. Such impurities adversely 
affect semiconductor elements. The substrate may comprise, for example, a glass having a minimized alkali metal con- 

15 centratlon or a quartz or glass having a polished surface. The silicon thin film is formed to a thickness of 75 nm by 
LPCVD at 500°C with a dlsllane gas as a material. Under these conditions, the resulting film is to have a hydrogen atom 
concentration of 1 atomic percent or less, and the film can be prevented from, for example, roughening due to emission 
of hydrogen in the laser irradiation process. Alternatively, the plasma-enhanced CVD process shown in Fig. 1 7 or a con- 
ventional plasma-enhanced CVD process can be employed. In this case, a silicon thin film having a low hydrogen atom 

20 concentration can be obtained by adjusting the substrate temperature or the flow rate ratio of hydrogen to silane or the 
flow rate ratio of hydrogen to silicon tetrafluorlde. 

[0049] In Step B (Fig. 1 8B), the substrate prepared in Step A is subjected to a cleaning process to remove organic 
substances, metals, fine particles, surface oxide films and other unnecessary matters. The cleaned substrate is then 
Introduced into the Invented thin film forming system. The substrate is irradiated with a laser beam LO to convert the 
25 silicon thin film to a crystallized silicon thin film T2\ The laser-Induced crystallization is performed In a high purity nitro- 
gen atmosphere of 99.9999% or more at a pressure of 700 Torr or more. 

[0050] In Step C (Fig. 18C), after the completion of Step B, the process chamber is evacuated, and the substrate 
is then transferred via a substrate transfer chamber to a plasma-enhanced CVD chamber. As a first gate insulating film 
T3, a silicon oxide film is deposited to a thickness, of 10 nm at a substrate temperature of 350°C from material silane, 
30 helium, and oxygen gases. Where necessary, the substrate Is then subjected to hydrogen plasma treatment or to heat- 
ing and annealing. Steps A to C are conducted in the invented thin film forming system. 

[0051] In Step D (Fig. 18D), islands composed of laminated silicon thin film and silicon oxide film are then formed. 
In this step, the etching rate of the silicon oxide film should be preferably higher than that of the silicon thin film accord- 
ing to etching conditions. By forming a stepped or tapered pattern section as illustrated In the figure, the gate leak is 

35 prevented, and a thin film transistor having a high reliability can be obtained. 

[0052] In Step E (Fig. 1 8E), the substrate is then cleaned to remove organic substances, metals, fine particles and 
other impurities, and a second gate Insulating film T4 is formed to cover the above-prepared islands. In this example, a 
silicon oxide film 30 nm thick Is formed by the LPCVD process at 450°C from material silane and oxygen gases. Alter- 
natively, the process can employ, for example, the plasma-enhanced CVD process using tetraethoxysilane (TEOS) and 

40 oxygen as materials, the normal pressure CVD process using TEOS and ozone as materials, or the plasma-enhanced 
CVD process as shown in Fig. 17. Next, an n + silicon film 80 nm thick and a tungsten suicide film 110 nm thick are 
formed as gate electrodes. The n + silicon film should be preferably a phosphorus-doped crystalline silicon film formed 
by the plasma-enhanced CVD process or LPCVD process. The work Is then subjected to photolithography and etching 
processes to yield a patterned gate electrode T5. 

45 [0053] In Step F1 or F2 (Fig. 18F1 or 18F2), a doping region T6 or T6* is then formed using the gate as a mask. 
When a complementary metal oxide semiconductor (CMOS) circuit is prepared, an n" channel TFT requiring an n* 
region, and a p" channel TFT requiring a p + region are separately formed. The doping technique Includes, for example, 
ion doping where injected dopant Ions are not subjected to mass separation, Ion Injection, plasma-enhanced doping, 
and laser-enhanced doping. According to the application of the product or the used technique for doping, the surface 

so silicon, oxide film is remained as Intact (Fig. 18F2) or is removed (Fig. 18F1) prior to doping. 

[0054] In Step G1 orG2(Flg. 18G1 or 18G2), an interlayer insulating film T7 or TT Is deposited, and a contact hole 
is formed, and a metal is deposited thereon. The work is then subjected to photolithography and etching to yield a 
metallic wiring T8. Such interlayer Insulating films include, but are not limited to, a TEOS-based oxide film, a silica coat- 
ing film, and an organic coating film that can provide a flat film. The contact hole can be formed by photolithography and 

55 etching with a metal. Such metals include low resistant aluminium, copper, and alloys made from these metals, as well 
as tungsten, molybdenum, and other refractory metals. The process including these steps can produce a thin film tran- 
sistor having high performances and reliability. 

[0055] Figs 19A to 19G2 Illustrate an embodiment where an alignment mark is previously formed and laser irradl- 
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ation is performed with reference to the alignment mark. Figs. 20A to 20G2 illustrate another embodiment where an 
alignment mark Is formed concurrently with laser irradiation. These embodiments are bas^d on the TFT manufacture 
process flow, and are basically similar to the process shown in Figs. 18A to 18G2. The distinguishable points of these 
embodiments are described below. 

5 [0056] In Fig, 19A, a glass substrate subO is cleaned to remove organic substances, metals, fine particles, and : 
other undeslred matters. On the cleaned substrate, a substrate covering film T1 and a tungsten siliclde film are sequen- 
tially formed. The work is then patterned by photolithography and etching to form an alignment mark T9 on the sub- 
strate. A mark protective film T10 Is formed to protect the alignment mark, and a silicon thin film Is then formed. 
[0057] In Fig. 19B, upon laser light exposure, a target region Is exposed to light with reference to the alignment 

w mark. The alignment in the successive step can be performed with reference to the preformed alignment mark or to an 
alignment mark formed by crystallized silicon thin film patterning (not shown). 

[0058] In Fig. 20B, a crystallized alignment mark T9' is formed concurrently with Laser irradiation to the silicon thin 
film. The crystallized alignment mark Is formed by utilizing a difference in modification between an exposed region and' 
a nonexposed region. 

15 [0059] In Fig. 20D, alignment In the photolithography process Is performed by using the crystallized alignment mark 
T9\ The work Is then subjected to an etching process to form islands composed of laminated silicon thin film and silicon 
oxide film. 

[0060] Fig. 21 shows a laser annealer for heating and laser-annealing an amorphous semiconductor with synchro- 
nizing pulses. The annealer includes a laser unit 31 1 0, a laser irradiation processing unit 31 20, and a master controller 

20 3130. The laser unit 3110 produces laser beams with a target wavelengths and waveforms. The laser irradiation 
processing unit 3120 actually subjects a substrate W to processing with the laser beam from the laser unit 31 10. The 
master controller 3130 generally controls the operations of these units. The work substrate W is made from, for exam- 
ple, a glass plate. On the surface of the substrate, for example, an amorphous Si layer as an amorphous semiconductor 
is deposited. The laser beam processing converts an exposed region in the amorphous Si layer into a polycrystalline 

25 Si (poly-Si) layer. 

[0061] The laser unit 31 10 includes a pair of first and second lasers 31 1 1 and 3112, and a laser controller 3113. 
The lasers 31 11 and 31 12 produce pulsed laser beams. The laser controller 31 13 respectively controls the excitation 
timings of the lasers 31 1 1 and 31 12 to produce a pair of pulsed laser beams with art appropriate differential time, and 
serves as a delay controller. The first laser 31 1 1 is a main laser, and the substrate W is first irradiated with a laser beam 

30 from the first laser 31 1 1 . The second laser 31 1 2 is a subsidiary laser and the substrate W is irradiated with a laser beam 
from the second laser 31 12 after the irradiation of the first laser. Each of the laser beams from the first and second 
lasers 31 1 1 and 31 1 2 is appropriately adjusted to have an optimum differential time and power for the processing of the 
substrate W. Both pulsed laser beams PL are superimposed via a composing optical system 3170 to yield a synchro- 
nizing pulsed beam for processing. 

35 [0062] The laser controller 3113 comprises, for example, a computer and a signal shaping circuit. Specifically, the 
laser controller includes a reference pulse generating circuit 31 51 , a delay time setting circuit 31 52, an arithmetic circuit 
3153, a trigger pulse generating circuit 3154, first and second photosensors 3161 and 3162, a pair of amplifiers 3163 
and 3164, and a delay time detecting circuit 3155. The reference pulse generating circuit 3151 produces a reference 
pulse. The delay time setting circuit 3152 previously sets an interval of generation, i.e., differential time, of a pair of the 

40 pulsed laser beams PL that constitute the synchronizing pulsed laser beam. The arithmetic circuit 3153 sets the exci- 
tation timings of the first and second lasers 31 1 1 and 31 1 2 with reference to a signal output from, for example, the delay 
time setting circuit 3152, and generates a command signal corresponding to the excitation timings. The trigger pulse 
generating circuit 3154 receives the output of the command signal from the arithmetic circuit 3153 and generates first 
and second trigger signals to trigger the first and second lasers 31 1 1 and 3112. The first and second photosensors 

45 3161 and 3162 respectively serve for high speed photoelectric conversion of laser outputs from the first and second 
lasers 31 1 1 and 31 1 2 and serve as photodetectors. The amplifiers 31 63 and 31 64 respectively amplify the outputs from 
the first and second photosensors 3161 and 3162. The delay time detecting circuit 3155 receives photo detection sig- 
nals from both amplifiers 31 63 and 31 64 and detects a differential time between both photo detection signals. 
[0063] The delay time setting circuit 3152 sets such a differential time (hereinafter referred to as "set differential 

so time t1 M ) that the waveform of the synchronizing pulsed beam is optimum for the processing of the substrate W. The syn- 
chronizing pulsed beam is formed by superimposing the laser beams from the first and second lasers 31 1 1 and 31 12. 
The set differential time t1 can be set by externally entering from, for example, a keyboard or by reading out a set level 
previously stored according to the type of the substrate W. 

[0064] The arithmetic circuit 3153 generates a command signal S2 corresponding to the set differential time t1 set 
55 in the delay time setting circuit 31 52. The arithmetic circuit 51 53 also calculates a corrected differential time t2 from the 
set differential time t1 and generates a command signal S2' corresponding to the corrected differential time t2. The cor- 
rected differential time t2 is calculated with reference to the output of a measured differential time t3 from the delay time 
detecting circuit 3155. 
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[0065] The trigger pulse generating circuit 3154 receives the command signal S2 or S2* produced from the arith- 
metic circuit 3153 and subjects the signal to an appropriate processing. When triggered by the reference pulse from the 
reference pulse generating circuit 3151, the trigger pulse generating circuit 3154 respectively generates first and sec- 
ond trigger signals Tr1 and Tr2 with a time delay or shift of the differential time t1 (t2) to trigger the first and second 
5 . lasers 31 1.1 and 3112. 

[0066] The delay time detecting circuit 31 55 cuts a pair of photodetection signals from the amplifiers 31 63 and 31 64 
with a predetermined threshold, and detects a delay time t3 between a pair of laser beams produced by the first and 
second lasers 31 1 1 and 31 12. The delay time t3 is determined with reference to a difference of start-up timings of the 
signals. 

10 [0067] Into the laser irradiation processing unit 3120, the synchronizing pulsed laser beam is launched. The syn- 
chronizing pulsed laser beam comes out from the laser unit 3110 and is composed via a composing optical system 
3170 including, for example, mirrors 3171 and 3172, and a half mirror 3173. The laser irradiation processing unit 3120 
comprises a reduction projection optical system 3121 , a stage 3122, and a stage driving unit 3123. The reduction pro- 
jection optical system 3121 converts the synchronizing pulsed laser beam into a beam having a target profile and 

15 energy density distribution and projects the processed beam onto the substrate W, The stage 3122 supports the sub- 
strate W and moves with the substrate W in scanning operation. The stage driving unit 3123 controls the operations of 
the stage 3122. 

[0068] The operations of the laser annealer shown in Fig. 21 will be Illustrated below. The master controller 3130 
controls the laser controller 31 13 to make the first and second lasers 31 1 1 and 31 1 1 2 to generate a pair of pulsed laser 

20 beams PL with a delay time of the set differential time t1 . Both pulsed laser beams PL are superimposed via the com- 
posing optical system 3170 to yield a synchronizing pulsed laser beam for processing having a predetermined wave- 
form, and the synchronizing pulsed laser beam is applied onto the substrate W. The synchronizing pulsed laser beam 
is triggered by the reference pulse from the reference pulse generating circuit 3151, and the Irradiation of the synchro- 
nizing pulsed laser beam onto the substrate W is repeated in a cycle corresponding to the cycle of the reference pulse. 

25 [0069] In this procedure, the delay time t3 produced by the delay time detecting circuit 31 55 is monitored to find a 
shift At of the actual delay time t3 from the set differential time t1 . Thus, the corrected differential time t2 is calculated 
from At and t1 according to the following equation. 

t2 = t1 - At=2xt1 -t3 

30 

The corrected differential time t2 is set as a new set point By this procedure, the pair of pulsed laser beams PL with a 
time delay substantially identical to the set differential time t1 can be generated from the first and second lasers 31 1 1 
and 3112. Specifically, if a delay time t3' produced by the delay time detecting circuit 3155 is out of a predetermined 
range (upper limit and lower limit) due to response characteristics or changes with time of the first and second lasers 

35 31 1 1 and 31 1 2, a new corrected differential time t2* Is calculated from a new shift At and t1 [t2' = t1 - At ] and is set as 
a new set point. By repeating these procedures, the time interval of the pair of pulsed laser beams PL constituting the 
synchronizing pulsed laser beam can be maintained constant; Specifically, even if the lasers 31 1 1 and 31 12 have dif- 
ferent characteristics from each other, and the response time from the trigger to exciting the laser varies due to changes 
with time or changes In operation conditions, a synchronizing pulsed laser beam having a stable waveform can be 

40 applied onto the substrate W. 

[0070] Figs. 22A to 22D are timing charts illustrating operation timings of the system shown in Fig. 21. Fig. 22A 
shows the trigger signal Tr1 produced from the pulse generating circuits 3151 and 3154. Fig. 22B shows the pulsed 
laser beam PL launched from the first pulse laser 3111. Fig. 22C shows the trigger signal Tr2 produced via the delay 
time setting circuit 3152 and the arithmetic circuit 3153 from the trigger pulse generating circuit 3154 (these circuits are 

45 referred to as "trigger delay circuits' 1 ). Fig. 22D shows the pulsed laser beam PL launched from the second pulse laser 
31 1 2. As is obvious from these figures, when a delay time Ts is set in the trigger delay circuits 31 54 and 31 52, a desired 
pulse time interval Td (= Td2-Td1+Ts+Tc) can be theoretically obtained. 

[0071] Next, a system and a process for focusing will be described as an embodiment of the invention. 

[0072] Fig. 23 is a diagram showing the overall configuration of a laser annealer including the focusing system 

so according to the embodiment. This laser annealer serves to subject a work W to be processed to a heat treatment. The 
work W comprises a glass plate and a semiconductor thin film of, for example, amorphous Si formed on the glass plate. 
The laser annealer includes a laser source 3710, an irradiation optical system 3720, a stage 3730, a stage driving unit 
3740, and a master controller 3780. The laser source 371 0 produces an excimer laser and other laser light AL for heat- 
ing the semiconductor thin film. The irradiation optical system 3720 converts the laser light AL into a line or spot and 

55 launches the laser beam onto the work W at a predetermined illumination, and serves as a processing optical system. 
The stage 3730 supports and holds the work W, is smoothly movable In the X-Y plane, and Is capable of tilting around 
the X and Y axes. The stage driving unit 3740 is a driving means for moving or tilting the stage 3730 with the work W 
mounted thereon to a necessary degree relative to, for example, the irradiation optical system 3720. The master con- 
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. trailer 3780 generally controls the operations of individual components of the laser annealer. In this configuration, the 
stage 3730 and the stage driving unit 3740 constitute a stage unit, and are housed in a chamber 3790. The chamber 
3790 serves to evacuate the work W and its surroundings and to adjust the atmosphere surrounding the work W. The 
chamber 3790 is placed via a vibration Isolator 3792 on a floor. 

5 [0073] The laser annealer further comprises, as a focusing unit, a traveling distance measuring sensor 3750, a tilt- 
meter 3760, and a non-contact displacement gauge 3770, in addition to the stage 3730, the stage driving unit 3740, 
and the master controller 3780. The traveling distance measuring sensor 3750 detects the travel of the stage 3730 as 
an optical or electric signal. The tiltmeter 3760 detects the height and tilt of the stage 3730 relative to the stage driving 
unit 3740 as optical or electric Information. The non-contact displacement gauge detects signals corresponding to the 

w height and tilt of the work W relative to the Irradiation optical system 3720. ■ 

[0074] The Irradiation optical system 3720 includes a homogenizer 3720a, a mask 3720b, and a projection lens 
3720c. The homogenizer 3720a ensures the laser light AL to have a uniform distribution. The laser tight AL is launched 
from the laser source 371 0 via a mirror 371 5 into the homogenizer 3720a. The mask 3720b has a slit for throttling the 
laser fight Al from the homogenizer 3720a into a predetermined beam form. The projection lens 3720c reduces and 

15 projects the slit image from the mask 3720b onto the work W. The irradiation optical system 3720 Is arranged to face 
the work W via a process window 3790a In the chamber 3790, and Is fixed to the chamber 3790 by a member not 
shown. 

[0075] The stage driving unit 3740 includes a tilting unit 3742 and an XY stage unit 3744. The tilting unit 3742 
makes the stage 3730 tilt around the X and Y axes. The XY stage unit 3744 allows the stage 3730 together with the 

20 tilting unit 3742 to smoothly move in the X-Y plane. The tilting unit 3742 comprises three supporting members 3742a 
and a supporting member driving unit 3742b. The supporting members 3742a each have a cylinder housed in a bellow 
and are capable of expanding and contracting to an optional length. The supporting member driving unit 3742b oper- 
ates the supporting members 3742a to expand and contract. By adjusting the lengths of the three supporting members 
3742a through the supporting member driving unit 3742b, the tilt and distance of the stage 3730 relative to the trradia- 

25 tion optical system 3720 can be appropriately finely adjusted. Specifically, the work W cap be adjusted relative to the 
irradiation optical system 3720 in the position (distance) in the Z axis direction, tilt angle ex around the X axis, and tilt 
angle 6Y around the Y axis. The three tiltmeters 3760 extend from the tilting unit 3742 side to immediately below the 
stage 3730 and are eddy current sensors or electrostatic capacitance sensors. The outputs from these sensors accu- 
rately show to what degree the stage 3730 tilts relative to the stage driving unit 3740. 

30 [0076] The non-contact displacement gauge 3770 is a laser displacement gauge, and includes a projecting unit 
3771 and a light receiving unit 3772. The projecting unit 3771 is a projection means for launching a detective light DL 
to a flat region as a measuring target T on the work W. The light receiving unit 3772 receives a regularly reflected light 
RL from the measuring target T, and produces information about the incident position of the regularly reflected light RL. 
The projecting unit 3771 and the light receiving unit 3772 are arranged to face each other with the interposition of the 

35 Irradiation optical system 3720. Specifically, the projecting unit 3771 launches the detective light DL in a direction inclin- 
ing at a predetermined angle relative to the optical axis of the irradiation optical system 3720. Into the light receiving 
unit 3772, the reflected right RL enters in a direction; This direction inclines in an opposed direction to the detective light 
DL at the predetermined angle relative to the optical axis of the irradiation optical system 3720. The master controller 
3780 also serves as an arithmetic means for obtaining measurements including information corresponding to the height 

40 of the measuring target T, with reference to the information about the incident position detected in the light receiving unit 
3772. Thus, the master controller 3780 constitutes a portion of the non-contact displacement gauge 3770. 
[0077] The projecting unit 3771 comprises a light source for generating the detective light and a projecting optical 
system, and launches a spot beam of the detective light DL through the process window 3790a to the measuring target 
T on the work W. The light receiving unit 3772 includes an image-forming optical system and a line sensor. The image- 

45 forming optical system gathers the reflected light RL from the measuring target T, and the gathered reflected light RL 
enters the line sensor. The line sensor extends in the X-Z plane In a direction perpendicular to the optical axis of the 
reflected light RL, and detects changes of the vertical position (height) of the work W. This configuration utilizes the fact 
that the height of the work W is in a linear relationship with a position detecting signal from the line sensor. However, 
when the work W inclines relative to the optical axis of the irradiation optical system 3720, the output of the non-contact 

so displacement gauge 3770 reflects not only the vertical position (height) of but also the tilt of the work W. The tilt of the 
work W is corrected using the tilting unit 3742 to bring the normal line of the work W in parallel with the optical axis of 
the irradiation optical system 3720. At this point, the three supporting members 3742a constituting the tilting unit 3742 
are expanded or contracted to an identical degree to adjust the distance between the work W and the irradiation optical 
system 3720. This procedure will be described in detail later. 

55 [0078] The measuring targets T1 , T2, and T3 are located at apexes of a regular triangle. Each, of the measuring 
targets Is arranged at an identical distance from a processing region (In the figure, the center of the work W) on the work 
W. By controlling the XY stage unit 3744, the detective light DL from the projecting unit 3771 can be sequentially 
Launched Into each of the measuring targets T1 , T2, and T3 on the work W. When the tilt of the work W Is to be cor- 
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reefed, the tltting unit 3742 is operated so as to average the outputs of the light receiving unit 3772 on the individual 
measuring targets T1 , T2, and T3. The arrangement of the measuring targets T1 , T2, and T3, and the total number of 
such measuring targets can be appropriately modified according to, for example, a required precision. Especially, If the 
work W has warp or other deformations on its surface, three or more measuring targets must be newly selected for each 
5 processing region to be measured In the vicinity of the processing region in question. The above-described measuring 
targets T1 , T2 and T3 have only to be flat surfaces, and require no specific mark as far as they can produce a regularly 
reflected light. . 

[0079] The operations of the laser annealer according to the present embodiment will now be illustrated. Initially, 
the work W is transferred to and mounted on the stage 3730 in the laser annealer. The work W on the stage 3730 Is 

10 aligned relative to the Irradiation optical system 3720. The Irradiation optical system 3720 serves to guide the annealing 
laser light AL. Next, the mask 3720b of the Irradiation optical system 3720 Is moved, or the stage 3730 Is appropriately 
moved relative to the irradiation optical system 3720. Concurrently with this procedure, the laser light AL from the laser 
source 3710 is converted Into a line or spot and Is launched onto the work W. On the work W, an amorphous Si or 
another amorphous semiconductor thin film is formed, and a desired region of the semiconductor is annealed and 

15 recrystalllzed by irradiation and scanning of the thin film with the laser light AL The resulting semiconductor thin film 
has satisfactory electric characteristics. 

[0080] The alignment operation of the height and tilt of the work W on the stage 3730 relative to the irradiation opti- 
cal system 3720 will now be illustrated in further detail. Initially, three apexes of a regular triangle centering on a 
processing region of the work W are defined as the measuring targets T1 , T2, and T3. By controlling the XY stage unit 

20 3744, the work W is appropriately moved in the X-Y plane to sequentially move each of the measuring targets T1 , T2, 
and T3 on the work to a measuring point of the non-contact displacement gauge 3770. During this procedure, the 
detective light DL is lau'nehed from the projecting unit 3771 into each of the measuring targets T1, T2, and T3. The 
reflected light RL from each of the measuring targets T1 , T2, and T3 is converted into a signal corresponding to the inci- 
dent position in the light receiving unit 3772. In the master controller 3780, measurements about the heights of the indi- 

25 vidual measuring targets T1 , T2, and T3 are obtained with reference to the signals about the incident positions from the 
light receiving unit 3772. The measurements obtained from the three points T1, T2, and T3 are supposed to include 
errors due to the tilt of the work W. In this procedure, these errors are neglected, and the tilt angles OX and 6Y of the 
work W are adjusted by the tilting unit 3742 so as to control the heights of the three points T1 , T2, and T3 to an Identical 
level. Then, the work W is appropriately moved in the X-Y plane by the action of the XY stage unit 3744, and measure- 

30 ments about the heights of the individual measuring targets T1 , T2, and 13 on the work W are obtained. By repeating 
the height measuring and the adjustment of the tilt angles of the three pints T1 , T2, and T3 in the above manner, tilt- 
induced errors in height measurements are gradually decreased. Ultimately, when the measurements of the three 
points T1 , T2, and T3 agree with each other, 6X=0 and 8Y=0, I.e. the tilt of the work becomes zero. At this stage, any 
one measurement of the heights constitutes the height of the processing region on the work W. Ultimately, the titling unit 

35 3742 Is operated as a Z stage to move the stage 3730, i.e., the work W up or down to a target height. 

[0081] The invention is illustrated with reference to the embodiments as above, but these embodiments are not 
intended to limit the scope of the invention. For example, the system can include three or more non-contact displace- 
ment gauges 3770. In this case, the individual non-contact displacement gauges 3770 are arranged to make measure- 
ments of three different points on the work W concurrently. This configuration can rapidly correct the tilt of the work W 

40 without moving the work W by action of the XY stage unit 3744. 

[0082] In the above embodiment, the tilting unit 3742 is operated as the Z stage. However, the system can Include 
an Independent Z stage to completely separately adjust the tilt and height of the work W. 

[0083] The above embodiment employs a work W comprising a glass substrate and a semiconductor thin film 
formed thereon. However, the work may be made of any material as far as the material can produce a regularly 
45 reflected light. 

[0084] The above focusing system is installed in a laser annealer for annealing the semiconductor layer on the work 
W with the laser light AL The focusing system can be also applied to not only annealers for semiconductor materials 
but also pulsed laser processors by appropriately modifying the configurations of, for example, the laser source 3710 
and the Irradiation optical system 3720. Such pulsed laser processors can serve to, for example, modify, cut or weld var- 
50 lous materials. 

[0085] Fig. 24 is a schematic. diagram of the configuration of a composite system according to the invention. The 
illustrated system includes a CVD system 3910 as a primary processing unit, and a laser annealer 3920 as a secondary 
processing unit. The CVD system 3910 forms a film on a glass substrate (work), and the laser annealer 3920 subjects 
the film-formed glass substrate to laser annealing. • 
55 [0086] The laser annealer 3920 comprises a sealable process chamber 3921 . The process chamber 3921 houses 
a processing stage 3922 for mounting a glass substrate 3901 after film-formation. A ceiling of the process chamber 
3921 has a process window 3923 for passing a laser beam from the following laser Irradiating system. The upper space 
of the process chamber 3921 houses a frame 3924 constituting the laser irradiating system 3925. 



EP 1 067 593 A2 



[0087] The laser Irradiating system 3925 receives a laser beam produced by a laser 3926 via a reflecting mirror 
3927, shapes the laser beam to have a predetermined profile and apply the shaped laser beam to focus on the glass 
substrate 3901 . In this system, only a configuration for a rectangular beam is described. Another configuration for a long 
beam will be described later. 

5 [0088J The laser irradiating system 3925 Includes, for example, a mask stage 3928 supporting a mask, an optical 
lens system 3929, and a sensor 3930 as components for a rectangular beam. The sensor 3930 serves to detect the 
position of focus of the beam on the glass substrate 3901 and is used for precisely adjusting the position of focus. 
[0089] The laser annealer 3920 is placed on a floor 3950 via plural vibration Isolation stages as mentioned below. 
[0090] The CVD system 391 0 is connected to the process chamber 3921 via a transfer chamber 3970. The transfer 

w chamber 3970 houses a substrate moving robot 3960 as a moving mechanism. Especially, as shown in Fig. 25, the 
process chamber 3921 is to be connected to the transfer chamber 3970 with the interposition of the bellow 3971 . The 
connection portion between the process chamber 3921 and the transfer chamber 3970 is a place where the substrate 
moving robot 3960 holds the glass substrate in the CVD system 3910 and delivers the substrate to the process cham- 
ber 3921 . To maintain the inside of the process chamber 3921 in vacuo or at a constant pressure, the connection por- 

15 tion must be cut off from the air, and the bellow 3971 performs this function. The transfer chamber 3970 requires a gate 
valve mechanism to inhibit the communication between the CVD system 3910 and the process chamber 3921. Such 
gate valve mechanisms are well known and are not illustrated herein. 

[0091] Next, the configuration of the vibration isolation stages, essential units of the invented vibration Isolation sys- 
tem, will be illustrated with reference to Figs. 26 and 27. Each of the vibration isolation stages 3940 comprises an upper 

20 seating 4241 , and an air damper 4242 connected via a vibration isolation rubber 4243 to the upper seating 4241 . On 
the upper seating 4241, the process chamber 3921 is mounted. To the air damper 4242, compressed air is supplied 
from a compressor 4244 via a control valve 4245. The air damper 4242 includes a piston unit 4246 and a first stopper 
member 4247. The piston unit 4246 moves up and down according to the supplied compressed air. The first stopper 
member 4247 defines a lower limit position of the piston unit 4246 during vibration. 

25 [0092] The upper seating 4241 comprises a second stopper member 4148. The second stopper member 4148 
defines on-off of operations of the vibration isolation stages 3940, and specifies an upper limit position of the vibration 
isolation stages 3940, specifically, an upper limit position in a height direction of a casing which houses the air damper 
4242. The casing which houses the air damper 4242 includes a position detector 4149 for detecting a relative distance 
between the casing and the second stopper member 41 48. The position detector 41 49 also serves to limit the displace- 

30 ment of the casing or the process chamber as follows. If the process chamber 3921 or the casing which houses the air 
damper 4242 displaces to a degree exceeding a predetermined allowable range, a portion of the position detector 41 49 
is engaged with the second stopper member 41 48, and this engagement limits the displacement as shown in Fig. 26. 
[0093] A detective signal is sent out from the position detector 41 49 to a controller 421 00 as a feedback signal. The 
controller 42100 controls the control valve 4245 with reference to the relative distance between the second stopper 

35 member 41 48 and the position detector 41 49 indicated by the detective signal. The controller 421 00 thus operates the 
vibration isolation stages 3940 to eliminate the vibration of the process chamber 3921 . 

[0094] Particularly, when the controller 42100 detects that the relative distance becomes equal to or less than a 
predetermined level, for example, that a portion of the position detector 4149 comes in contact with the second stopper 
member 41 48, the controller 421 00 stops the control operation to the control valve 4245 to cease the vibration isolation 
40 function. Contact of a portion of the position detector 41 49 with the second stopper member 41 48 means that up-and- 
down movements of the upper seating 4241 or of the air damper 4242 exceed the allowable range. In this connection, 
the second stopper member 4148 Is configured in such a manner that the position of the second stopper member in a 
vertical direction can be changed by a screw or another adjusting means. 

[0095] As is thus described, each of the vibration isolation stages 3940 has a feedback control function. According 
45 to this function, the vibration isolation stage 3940 controls the pressure of the compressed air which defines the vibra- 
tion isolation property to thereby eliminate vibration, when the relative distance between the second stopper member 
4148 and the position detector 41 49 changes. In addition, if the up-and-down movements of the upper seating 4241 or 
of the air damper 4242 exceed the allowable range, the vibration isolation stage 3940 deactivates the feedback control 
function. The position of the second stopper member 41 48 can be adjusted up and down by hand, and a position at 
so which the vibration isolation function is stopped can be optionally set. 

[0096] Specifically, the vibration isolation stage 3940 exerts its function from a point where the piston unit 4246 
comes in contact with the first stopper member 4247 to a point where a portion of the position detector 4149 comes in 
contact with the second stopper member 41 48. If the distance between these two points is set at 200 urn, the vibration 
isolation stage 3940 functions within a range of up-and-down movements of ±100 urn. 
55 [0097] Operations in a high precision scanning with rectangular beams will now be described. When rectangular 
beams are used for processing, the vibration in the process chamber 3921 is mainly derived from a vibration travels 
from the CVD system 3910 or the floor 3950. This vibration has an amplitude of at most plus or minus several ten 
micrometers, and the bellow 3971 does not displace to a significant degree due to scanning. To surely activate the 
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vibration Isolation function in scanning operation with a rectangular beam, the relative distance between the second 
stopper member 41 48 and the position detector 41 49 In the vibration Isolation stage 3940 should be set at a level some- 
what larger than an expected displacement For example, the relative displacement is set at 200 Jim. In this case, vibra- 
tions from the floor 3950 are absorbed by the plural vibration Isolation stages 3940 through the feedback control 

5 function, and vibrations from the CVD system 391 0 are absorbed by the bellow 3971 . 

[0098] Next operations In a low precision scanning with long beams will be described. When long beams are used 
for processing, the processing stage 3922 in the process chamber 3921 moves, and the location of center of gravity of 
the processing stage 3922 in the process chamber 3921 shifts, and the overall process stage is liable to tilt to a great 
degree. If the tilt is small, the same vibration isolation function works as In the processing with rectangular beams. How- 

w ever, if the tilt is large, the second stopper member 41 48 limits the function and the vibration Isolation stage 3940 stops 
its function. If the vibration isolation stage 3940 does not function, the process chamber 3921 and the bellow 3971 inte- 
grally move, and the relative position between the process chamber 3921 and the bellow 3971 does not shift. Accord- 
ingly, the bellow 3971 is not destroyed even if it undergoes large displacement. In this connection, the scanning 
precision with long beams allows large vibrations several ten times that in scanning with rectangular beams, and such 

15 vibrations do not affect the scanning precision, 

[0099] Subsequently, an embodiment of the mechanical configuration of the invented vacuum linear actuator mech- 
anism will be Illustrated in detail with reference to Figs. 28 and 29. A configuration suitable for use in a vacuum chamber 
for laser annealing will be described herein. Such a vacuum chamber is symbolically indicated by dashed lines 43100 
In Fig. 30, and Includes any vacuum chamber as far as it Is usable in an atmosphere at a pressure from atmospheric 

20 pressure to about 1.0x1 0" 8 Torr. 

[0100] The vacuum chamber 431 00 houses a stage base 4309 as a fixed base member at the bottom. At both side 
ends of the stage base 4309, Y axis linear bearings 4315 and 4320 are mounted. The Y axis linear bearings 4315 and 
4320 extend in parallel with each other in the Y axis direction, and serve to linearly guides a Y axis base 4314 which is 
assembled on these bearings. At both side ends of the Y axis base 4314, a pair of X axis linear bearings 4307 are 

25 mounted. The X axis linear bearings 4307 extend in parallel with each other In the X axis direction, and serve to linearly 
guide an X axis base 4306 assembled on these bearings. To the X axis base 4306, a trolley 4403 is attached. The trolley 
4403 supports a stage 4302 including a heating heater. On the stage 4302, a work (e.g., a glass) 4301 is placed. 
[0101] The X axis base 4306 Is driven by a pair of X axis linear motors 4408. The X axis linear motors 4408 are 
arranged on the Y axis base 4314 adjacent to the X axis linear bearings 4307. The position of the X axis base 4306 is 

30 detected by an X axis linear encoder 4410. The X axis linear encoder 4410 Is arranged on the Y axis base 4314 adja- 
cent to one of the X axis linear motors 4408. This configuration serves to directly drive the X axis base 4306 and to 
directly detect its position. This eliminates deterioration of precision due to backlash according to conventional technol- 
ogies, and can yield quick responses. 

[0102] The Y axis base 4314 is driven by two linear motors 4318 and 4323. The linear motors 4318 and 4323 are 

35 placed on the stage base 4309 and can be independently controlled. The position of the Y axis base 4314 is detected 
at two points opposite to each other by two linear encoders 4316 and 4321. The linear encoders 4316 and 4321 are 
arranged on the stage base 4309 adjacent to the linear motors 4318 and 4323, respectively. This configuration also 
eliminates deterioration of precision due to backlash and can yield quick responses, as in the X axis. In addition, the 
position in the Y axis direction is detected by the linear encoders 431 6 and 4321 at two points at opposite ends. of the 

40 Y axis base 431 4. This configuration can detect and control minute rotation of the Y axis base 431 4 with reference to a 
difference between individual measurements. The minute rotation of the Y axis base 4314 means a rotation around the 
Z axis which is perpendicular to X- and Y-axes, and is hereinafter referred to as "rotation e around the 2 axis 0 . 
[0103] To prevent heat irradiated by the heater of the stage 4302 from transferring Into the X axis base 4306 and 
the Y axis base 4314, a water-cooled plate 4304 Is arranged between the trolley 4403 and the X axis base 4306. The 

45 X axis base 4306 also includes a water-cooling mechanism to prevent troubles In, for example, the linear bearings, due 
to radiant heat from the heater of the stage 4302. In addition, coils of Individual linear motors evolve heat during oper- 
ation of the stage. Thus, the individual linear motors include X axis motor coil cooling plates 441 1 and Y axis motor coil 
cooling plates 4319 and 4324, respectively, and these cooling plates cool the coils of the linear motors. Likewise, to pre- 
vent damage or deterioration of precision due to thermal deformation, the X axis linear encoder 431 0 and Y axis linear 

so encoders 431 6 and 4321 include, respectively, an X axis encoder cooling plate 441 2 and Y axis encoder cooling piates 
4317 and 4322. These plates maintain the encoders at constant temperatures. 

[0104] The system further includes a cable guide 4413 corresponding to the X axis linear encoder 441 0, and cable 
guides 4325 respectively corresponding to the Y axis linear encoders 4316 and 4321 . These cable guides guide cables 
for detective signals from the X axis linear encoder 441 0 and the Y axis linear encoders 431 6 and 4321 to a fixed unit, 
55 as these encoders move. 

[0105] An embodiment of the invented mask stage driving mechanism will be illustrated below with reference to 
Figs. 31 and 32. The configuration of the stage will now be described from top to bottom In turn. The stage Includes a 
base plate 4601 fixed to a fixed unit not shown. The base plate 4601 has a large round opening in the center. The base 
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plate 4601 includes a cross roller bearing 4703 mounted at the edge of the opening, and comprises a 9 axis movable 
unit 4604 arranged on its lower surface side. The 8 axis movable unit 4604 Is rotatably arranged around the 6 axis, i.e., 
the Z axis via the cross roller bearing 4703. The 9 axis movable unit 4601 also has an opening at its center correspond- 
ing to the opening of the base plate 4601 . Under the 9 axis movable unit 4604, the stage includes a Y axis movable unit 
5 4707. The Y axis movable unit 4707 is movably arranged in the Y axis direction via a pair of Y axis linear bearings 4707. 
The Y axis linear bearings extend in parallel with each other in the Y axis direction. The Y axis movable unit 4707 also 
has an opening at Its center corresponding to the opening of the base plate 4601 . 

[0106] TTie Y axis movable unit 4707 comprises an X axis movable unit 4610 in a space formed for ensuring the 
arrangement of the Y axis linear bearings 4706. Lifting air bearings 461 1 and yaw-guide air bearings 4616 and 4616 
10 guide the X axis movable unit 4610 in the X axis direction. The X axis movable unit 4610 also has an opening at its 
center corresponding to the opening of the base plate 4601. 

[0107] Specifically, the X axis movable unit 4610 Is positioned between the 9 axis movable unit 4604 and the Y axis 
movable unit 4707 and Is arranged movably in the X axis direction via plural lifting air bearings 461 1 . The lifting air bear- 
ings 461 1 are arranged on a surface of the Y axis movable unit 4707 facing the X axis movable unit 461 0. The lifting air 
75 bearings 461 1 serve to float the X axis movable unit 4610 by blowing a compressed air to the lower surface of the X 
axis movable unit 461 0. The mechanism shown In the figures Includes three lifting air bearings 461 1 arranged at angu- 
lar Intervals of 1 20 degrees. 

[0108] The X axis movable unit 4610 is composed of a magnetic material. The Y axis movable unit 4707 further 
comprises attraction magnets 461 8 at plural points on the surface facing the X axis movable unit 461 0. In this example, 

20 a total of nine magnets 4618, i.e., each three magnets around three lifting air bearings 461 1 , are arranged. In addition, 
the X axis movable unit 4610 has two edges in parallel with the X axis direction. By using these edges, the yaw-guide 
air bearings 4616 and 4616 arranged on the Y axis movable unit 4707 guide the X axis movable unit 4610 in the X axis 
direction. Each two yaw-guide air bearings 4615 and 4616 are arranged for each of the edges of the X axis movable 
unit 4610. In addition, the two yaw-guide air bearings 4616 for one edge of the X axis movable unit 4610 respectively 

25 include pre-load pistons 4620 in combination to apply a pre-load onto the one edge. With the X axis movable unit 461 0, 
a mask stage 4730 is combined via a boss 4710-1 . The mask stage 4730 has an opening at its center and projects from 
the lower side of the Y axis movable unit 4707, and has a supporting unit for a mask 471 4 at its bottom. The opening of 
the mask stage 4730 is somewhat smaller than the opening of the base plate 4601 . 

[0109] The mask stage is thus configured to have three degrees of freedom in the X, Y, and 9 axes. The output axis 
30 of a 9 axis driving motor 4605 moves in the axial direction according to the rotation of the 9 axis driving motor 4605 to 
push a 9 axis driving plate 461 9. This operation allows the 9 axis movable unit 4606 to rotate counterclockwise around 
the 2 axis relative to its center. The output axis of the 9 axis driving motor 4605 is not fixed to the driving plate 461 9. A 
traction spring 461 7 Is therefore arranged between the base plate 4601 and the 9 axis movable unit 4604 to apply a pre- 
load In a clockwise direction. This configuration prevents backlash and irregular rotation due to, for example, friction of 
35 the cross roller bearing 4703. The rotation angle of the 9 axis movable unit 4604 is determined by a hollow rotary 
encoder 4702 to ensure its precision. The rotary encoder 4702 is combined to a rotation axis 4704-1, and the rotation 
axis 4701-1 is mounted on the 9 axis movable unit 4604 and integrally rotates therewith. Thus, the rotation precision of 
the 9 axis movable unit 4604 is ensured. 

[0110] A Y axis linear motor 4608 is arranged between the edge of the 9 axis movable unit 4604 and the edge of 

40 the Y axis movable unit, and drives the Y axis movable unit 4707 in the Y axis direction. The position of the Y axis mov- 
able unit 4707 is determined by a Y axis linear encoder 4709 arranged in the vicinity of the Y axis linear motor 4608. 
An X axis linear motor 471 3 drives the X axis movable unit 461 0. The X axis linear motor 471 3 Is arranged under the Y 
axis movable unit 4707, and its movable part is connected to the boss 471 0-1 to drive the X axis movable unit 461 0 and 
the boss 4710-1 in the X axis direction. The position of the X axis movable unit 4610 is determined by an X axis linear 

45 encoder 4612 arranged between the lower side of the Y axis movable unit 4707 and the boss 471 0-1 , 

[0111] The guide mechanism of the X axis movable unit 4610 will be illustrated in further detail below. In an actual 
operation, a laser light is applied onto a work (not shown) placed under the mask using the opening of the center as an 
optical path, whiie the work is scanned with the laser light at a constant speed. The X axis movable unit 4610 therefore 
requires a high trackability and alignment accuracy (registration). Accordingly, the guide mechanism of the X axis mov- 

50 able unit 461 0 employs hydrostatic bearings, and comprises two vertical (radial) and horizontal guide mechanisms. The 
lifting air bearings 461 1 mounted on the Y axis movable unit 4707 and the guide surface of the X axis movable unit 461 0 
constitute the hydrostatic bearing for vertical guiding. Particularly, to ensure a gap (about 5 to 10 urn) to obtain a high 
guide rigidity, a pre-load is applied by attraction of the plural magnets 461 8 mounted on the Y axis movable unit 4707. 
[0112] Generally, air bearings are fixed to a movable unit side. However, in this mechanism, lifting air bearings 461 1 

55 are fixed not to the X axis movable unit 461 0 but to the Y axis movable unit 4707 which constitutes a base for the X axis 
movable unit 4610. This configuration utilizes a short stroke necessary for the X axis movable unit 4610, and reduces 
the weight of the X axis movable unit 461 0 and decreases the number of connected air-supply tubes to the air bearings. 
Such air-supply tubes disturb the movement of the X axis movable unit 461 0. 
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[01 1 3] Two pairs of the yaw-guide air bearings 461 5 and 461 6 mounted on the X axis movable unit 461 0 constitute 
the hydrostatic bearing for horizontal guiding of the X axis movable unit 461 0. These two pairs of yaw-guide air bearings 
4616 and 4616 sandwich the X axis movable unit 4610. The two yaw-guide air bearings 4616 are respectively sup- 
ported by expanding bolts 4621 . Each of the expanding bolts 4621 is mounted on the X axis movable unit 461 0 and its 
5 tip Is in contact with the yaw-guide air bearing 4615. By adjusting the degree of protrusion of each expanding bolt, the 
horizontal position of the X axis movable unit 461 0 can be controlled. 

[0114] The yaw-guide air bearings 461 6 are arranged in an opposite side to the yaw-guide air bearings 461 5, and 
are supported by pre-load pistons 4620 with a constant force. This configuration can maintain constant hydrostatic 
bearing gaps without being affected by, for example, thermal deformation, mechanical processing precision, and 
10 assembling errors of the X axis movable unit 461 0, the Y axis movable unit 4707, and other components. 

[0115] All the support points of the air bearings are spherically supported by ceramic balls. Even If the parallelism 
between the air bearing surface and a counter surface is lost due to waviness, thermal deformation, and other deforma- 
tion of the counter surface, such loss In parallelism can be absorbed to some extent. 

[0116] Figs. 33 and 34 each show a schematic diagram of a stage unit for a vacuum chamber including the invented 
15 pneumatic tilt mechanism; The stage unit is placed in a vacuum chamber that can obtain vacuum or reduced pressure. 
In these figures, the vacuum chamber is not shown. 

[0117] The invented pneumatic tilt mechanism includes a base 5102, three bellows cylinders 5104-1, 5104-2, and 
5104-3, and a plate spring 5103 on the base 5102 to support a stage 5201. The bellows cylinders are pneumatically 
driven, the plate spring 5103 is In the shape of a cross. The stage 5201 includes a platform on its lower side, and the 
20 center (intercept) of the plate 51 03 is fixed to the platform with, for example, bolts. Four edges of the plate spring 51 03 
are respectively fixed via supports 5202-1 to the base 51 02. 

[0118] Each of the bellows cylinders 5104-1, 5104-2, and 5104-3 includes a pneumatic cylinder sealed by bellows. 
Even If the air leaks from the pneumatic cylinder, this configuration can prevent the leak air from migrating into the vac- 
uum chamber. 

25 [0119] The pneumatic tilt mechanism allows the plate spring 51 03 to support the stage 5201 , and permits the bel- 
lows cylinders 51 04-1 , 51 04-2, and 51 04-3 to expand and contract by supplying a compressed air to the bellows cylinr 
ders 51 04-1 , 51 04-2, and 51 04-3. The pneumatic tilt mechanism thus adjusts the height and tilt of the stage 5201 . 
[0120] Fig. 35 illustrates the configuration of an irradiation optical system 5420. A laser light AL Is launched from a 
laser source (not shown) into a homogenizer 5421 . The homogenizer 5421 includes first to fourth cylindrical lens arrays 

30 CA1 to CA4, and a condenser lens 5521 a. The cylindrical lens arrays CA1 to CA4 serve to independently control ver- 
tical and horizontal beam sizes. The condenser lens 5521a serves to condense the laser light. The first and third cylin- 
drical lens arrays CA1 and CA3 have a curvature in a cross section in parallel with the paper plane, and the second and 
fourth cylindrical lens arrays CA2 and CA4 have a curvature In a cross section perpendicular to the paper plane. 
[0121] The laser light AL is launched from the homogenizer 5421 via a turning mirror 5525 into a mask assembly 

35 5422. The mask assembly 5422 includes a mask 5522a, a reflecting member 5522b, and a field lens 5522c. The mask 
5522a has a pattern on Its lower surface 5580. The pattern is to be irradiated with the laser light AL and to be applied 
to a work W. The reflecting member 5522b inhibits the laser light AL from entering the periphery of a light transmitting 
region (i.e., opening) of the pattern of the mask 5522a and from causing reflected light. The field lens 5522c adjusts the 
pupil position. The reflecting member 5522b is arranged at an angle to the mask 5522a, and a reflected light RL from 

40 an upper surface 5581 of the reflecting member 5522b exits in a direction out of an optical axis OA and entere a beam 
damper 5526 via the field lens 5522c. The field lens 5522c can be considered to constitute a portion of the homogenizer 
5421. 

[0122] The laser light AL passed through the mask 5522a enters a projection lens 5423. The projection lens 5423 
reduces and projects, i.e., forms an image and move, a slit image onto a processing surface of the work W. The slit 

45 image is a transmitted patterned light formed on the mask 5522a which is illuminated by the laser light AL 

[0123] Next, a first embodiment of the CVD system according to the invention will be illustrated with reference to 
Figs. 36 and 37. In the CVD system shown in Fig. 36, a silicon oxide film as a gate insulating film is formed on a con- 
ventional TFT glass substrate 71 1 1 , using, preferably, silane as a material gas. A casing 71 12 of the CVD system is a 
vacuum casing, and the inside of the casing is maintained at a desired degree of vacuum during film forming operation 

so by action of an evacuating mechanism 7113. The evacuating mechanism 7113 is connected to an evacuating port 
71 12b-1 formed in the vacuum casing 71 1 2. 

[0124] The vacuum casing 7112 houses a partition 71 14 at midpoint in a vertical direction. The partition 71 14 is 
composed of a conductive material and is arranged in a nearly horizontal position, and has, for example, a square plane 
shape.. The periphery of the partition 71 14 is in contact with a peripheral wall of the vacuum casing 71 12. The partition 
55 71 14 serves to separate the inside of the vacuum casing 71 12 to two chambers, i.e., upper and lower chambers. The 
upper chamber forms a plasma-generating space 71 1 5, and the lower chamber forms a film forming space 71 1 6. The 
partition 71 14 has a target specific thickness, and an overail flat form. The plane shape of the partition 71 14 is similar 
to the horizontal sectional shape of the vacuum casing 71 12. The partition 71 14 has an inner space 7124. 
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[0125] The glass substrate 71 1 1 is placed on a substrate supporting mechanism 71 17 in the film forming space 
71 1 6. The glass substrate 71 1 1 1s substantially in parallel with the partition 71 1 4 and is arranged In such a manner that 
its film forming surface (upper surface) faces the lower surface of the partition 71 14. The potential of the substrate sup- 
porting mechanism 7117 is maintained at a grounding potential identical to the potential of the vacuum casing 71 12., 
5 The substrate supporting mechanism 71 1 7 further includes a heater 71 1 8 Inside thereof. The heater 71 1 8 serves to. 
maintain the temperature of the glass substrate 71 1 1 at a predetermined level. 

[0126] The configuration of the vacuum casing 71 12 will now be described. The vacuum casing 71 12 comprises an 
upper casing 71 1 2a and a lower casing 71 1 2b for easier assembling of the casing. The upper casing 71 1 2a forms the 
plasma generating space 71 15, and the lower casing 71 12b forms the film forming space 71 16. When the upper and 

10 tower casings 71 12a.and 71 12b are assembled Into the vacuum casing 71 12, the partition 71 14 Is Interposed between 
the both casings. The partition 71 14 is mounted in such a manner that the periphery of the partition conies In contact 
with a lower insulating member 7122 of annular Insulating members 7121 and 7122. The annular Insulating members 
7121 and 7122 are interposed between the upper casing 71 12a and an electrode 7120, when the electrode 7120 is 
arranged. This configuration separates and forms the plasma generating.space 71 15 and the film forming space 71 16 

15 respectively on the upper side and lower side of the partition 71 14. Specifically, the partition 71 1 4 and the upper casing 
7112a constitutes the plasma generating space 7115. In the plasma generating space 7115, the partition 7114, the 
upper casing 71 12a, and the plate electrode (radio frequency electrode) 7120 constitute a region where a plasma 71 19 
is generated. The electrode 7120 Is located nearly at the midpoint between the partition 7114 and the upper casing. 
7112. The electrode 7120 has plural holes 7120a. The upper casing 7112a includes the two annular insulating mem- 

20 bers 7121 and 7122 along the side inner surface thereof. The partition 71 14 and the electrode 7120 are supported and 
fixed by the annular insulating members 7121 and 7122. The annular insulating member 7121 comprises an Inlet pipe 
7123 to bring an oxygen gas into plasma generating space 71 15 from the outside. The inlet pipe 7123 is connected via 
a mass flow controller (not shown) to an oxygen gas source (not shown). The mass flow controller controls the flow rate. 
[0127] The partition 71 14 separates the Inside of the vacuum casing 71 12 into the plasma generating space 71 15 

25 and film forming space 71 16. The partition 71 1 4 has a plurality of through holes 7125. The through holes 7125 meet 
predetermined conditions and pass through the inner space 7124 and are distributed. Only the through holes 7125 
allow the plasma generating space 7115 to communicate with the film forming space 7116. The inner space 7124 
formed in the partition 71 14 serves to disperse the material gas to thereby uniformly supply the material gas to the film 
forming space 71 16. In addition, the lower wall of the partition 71 14 includes plural diffusion holes 7126 to supply the 

30 material gas to the film forming space 7116. The through holes 7125 and the diffusion holes 7126 are respectively 
made so as to meet the following predetermined conditions. To the inner space 71 24, an inlet pipe 71 28 is connected 
for bringing the material gas Into the inner space 71 24. The inlet pipe 71 28 is connected to the lateral side of the inner 
space 7124. The inner space 7124 includes a uniformlzing plate 7127 nearly horizontally. The uniformizing plate 7127 
has plural perforated holes 7127a so as to homogeneously supply the material gas from the diffusion holes 7126. As 

35 shown in Fig. 37, the uniformizing plate 71 27 separates the inner space 71 24 of the partition 71 1 4 into two, upper and 
lower spaces 7124a and 7124b. The material gas supplied via the inlet pipe 7128 into the inner space. 7124. By the 
above configuration, the material gas is supplied into the upper space 71 24a, is brought through the holes 71 27a of the 
uniformizing plate 7127 into the lower space 7124b, and is diffused through the diffusion holes 7126 into the film forming 
space 71 1 6. The configuration can evenly supply the material gas to the overall film forming space 71 1 6. 

40 [0128] Fig. 37 Is an enlarged view of a portion of the partition 71 1 4, i.e., essential parts of the through holes 71 25, 
the diffusion holes 7126 and the uniformizing plate 7127. For example, the through holes 7125 have a larger diameter 
on the plasma generating space 71 15 side, and a throttled, smaller diameter on the film forming space 71 1 6 side. 
[0129] The upper casing 71 12a includes a power supply rod 7129 on its ceiling. The power supply rod 7129 is con- 
nected to the electrode 7120, and supplies a radio frequency power to the electrode 71 20 for discharging. The electrode 

45 71 20 serves as a radio frequency electrode. The power supply rod 7129 is thus covered with an insulator 7131 to insu- 
late the rod from other metallic parts. 

[0130] A process for forming a film with the CVD system configured as above will be described. The glass substrate 
71 1 1 1s transferred into the vacuum casing 71 12 and is placed on the substrate supporting mechanism 71 1 7 by a mov- 
ing robot not shown. The inside of the vacuum casing 71 12 is evacuated and is maintained under reduced pressure at 
so a predetermined degree of vacuum by the evacuating mechanism 71 13. An oxygen gas is then supplied through the 
inlet pipe 7123 Into the plasma generating space 71 15 in the vacuum casing 71 12. The flow rate of the oxygen gas is 
controlled by the exterior mass flow controller. The flow velocity (u) of the oxygen gas is calculated according to the fol- 
lowing equations (1 ) and (2): 



55 



Q 02 = P02 UA 



(1) 



P 0 2 = (P02 RT ) /M 



(2) 
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wherein Q 02 is the flow rate of oxygen gas, Is the pressure of oxygen gas, P02 Is the density of oxygen gas; R is 
the gas constant, and T is the temperature. 

[0131] Separately, silane as the material gas Is supplied via the inlet pipe 7128 into the inner space 7124 of the par- 
tition 71 14. The silane Is at first supplied into the upper space 7124a of the inner space 7124, Is uniformized through 
5 the uniforming plate 7127, diffuses to the lower space 7124b and Is then supplied through the diffusion holes 7126 
directly into the film forming space 71 16. Specifically, the silane Is introduced into the film forming space 71 1 6 without 
coming In contact with a plasma. As the heater 711 8 Is energlzfed, the substrate supporting mechanism 71 1 7 in the film 
forming space 71 1 6 Is held at a predetermined temperature in advance. 

[0132] In this state, a radio frequency power is supplied through the power supply rod 71 29 to the electrode 71 20. 
10 The radio frequency power causes electric discharge to form an oxygen plasma 71 1 9 around the electrode 71 20 in the 
plasma generating space 71 15. The generation of the oxygen plasma 71 1 9 invites the formation of radicals (excited 
active species), neutral excited species. 

[0133] In this configurations the inner space of the vacuum casing 71 1 2 is separated into the plasma generating 
space 7115 and the film forming space 71 16 by the partition 7114 composed of a conductive material. When a film is 

is formed on the surface of the substrate 71 1 1 , in the plasma generating space 71 15, the oxygen gas is introduced and 
the radio frequency power is supplied to the electrode 7120 to form the oxygen plasma 71 19. Separately, Into the film 
forming space 71 16, the material gaseous silane is supplied via the inner space 7124 and the diffusion holes 7126 of 
the partition 71 14 and is directly brought. The radials in the oxygen plasma 71 19 generated in the plasma generating 
space 71 15 are brought through the plural through holes 7125 of the partition 71 14 into the film forming space 71 1.6, 

20 and the silane is brought through the inner space 7124 and the diffusion holes 7126 of the partition 71 14 and is directly 
Introduced into the film forming space 7116. The configuration (shape) of the through holes 71 25 inhibits back-diffusion 
of the directly-introduced. silane from the film forming space 7116 to the plasma generating space side. As is thus 
described, the material gaseous silane Is directly brought into the film forming space 71 1 6 without coming in direct con- 
tact with the oxygen plasma 71 19, and the silane can be prevented from vigorously reacting with the oxygen plasma. In 

25 this manner, a silicon oxide .film Is formed on the surface of the substrate 71 1 1 placed in the film forming space 71 1 6 
facing the lower side of the partition 7114. 

[0134] In the above configuration, the sizes and other dimensions of the plural through holes 7125 of the partition 
71 1 4 are determined so as to limit the transfer of the oxygen gas to a target range, provided that the oxygen gas in the 
plasma generating space 71 1 5 constitutes a mass transfer flow in the through holes, and that the silane In the film form- 

30 ing space 71 16 diffuses and moves through the through holes 7125 into the plasma generating space 71 15. Specifir 
cally, the dimensions are determined to meet the relationship u!7D>1 , wherein D is the mutual gas diffusion coefficient 
of the oxygen gas and silane passing through the through holes 71 25 of the partition 71 1 4 at a temperature T, L is the 
length (characteristic length of the through holes) of a portion of the through holes 71 25 having the minimum diameter, 
and u Is the gas flow velocity. The requirements in dimensions of the through holes are preferably applied in the same 

35 manner to the diffusion holes 7126 In the partition 71 14. 

[0135] The relationship uL/D>1 can be derived in the following manner. For example, the relationship of the oxy- 
gen and silane moving through the through holes 7125 Is in accordance with the following formula (3), wherein p S |H4 & 
the density of the silane gas, u SIH4 is the diffusion flow velocity, and D S | H4 . 0 2 ls the mutual gas diffusion coefficient. 
When the characteristic length of the through hole Is defined as L, the equation (3) can be made approximations to the 

40 following equation (4), By comparing both sides of the equation (4), the diffusion flow velocity of silane u SIH4 is 
expressed by -Dsih4-02A« When the oxygen flow velocity obtained according to the above equations (1) and (2) is 
defined as u, and the diffusion flow velocity of silane is defined as -Dsih+o^U the ratio between absolute values of 
these flow velocities, i.e., l-u/(-D S iH4-02 /L ) 1 = uL/D siH4-02 Js the rat, ° of the 0X Y9 en mass transfer rate to the silane dif- 
fusion rate. The ratio uL/D SiH4 . 02 of 1 or more means that the flow rate through convection is larger than the flow rate 

45 through diffusion. Specifically, the ratio uL/D S | H4 _02 set at 1 or more means that the diffusion of silane less affects the 
transfer of the silane. 



[0136] Next, a practical exampie wilt be described. The value calculated according to the equation (4) is 1 1 , on con- 
dition that film-formation is performed at a temperature of the partition of 71 14 of 300°C, at a diameter of the through 
hole 7125 In the partition 71 14 of 0.5 mm, a length (L) of 3 mm of the portion having a diameter of 0.5 mm with a total 
55 of 500 through holes 71 25, at a gas flow rate of oxygen gas of 500 seem, at a pressure of the film forming space 71 1 6 
of 100 Pa. In this case, the mass flow of the oxygen affects the transfer of the silane gas satisfactorily more than the 
diffusion of the silane gas, and the silane gas is less diffuses Into the plasma generating space 71 15. 
[0137] As thus described, the partition 71 14 having a multitude of the through holes 7125 and diffusion holes 7126 
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with the above characteristics separates and isolates the plasma generating space 71 15 and the film forming space . 
71 16 from each other to respectively form closed chambers. The silane directly brought into the film forming space 
71 16 cannot significantly come In contact with the oxygen plasma. According to the invented system, the silane can be 
prevented from vigorously reacting with the oxygen plasma as in conventional equivalents. . 

5 [0138] Next, a second embodiment of the invented CVD system will be Illustrated with reference to Fig. 38. In Fig. 
38, components substantially the same with the components described In Fig. 36 have the same reference numerals, 
and detailed descriptions of these components are not repeated herein. A characteristic configuration of the second 
embodiment is that the inside of the ceiling of the upper casing 71 1 2a includes a plate insulating member 7333 and the 
electrode 71 20 is arranged below the plate insulating member 7333. The electrode 71 20 Is a self plate without the holes 

w 7120a. The electrode 7120 and the partition 71 14 constitute the plasma generating space 71 15 with a parallel plate 
electrode configuration. Other configurations are substantially the same as those of the first embodiment. In addition, 
the operations and advantages of the CVD system according to the second embodiment are the same as in the first 
embodiment. 

[0139] Subsequently, a third embodiment of the invented CVD system will now be illustrated with reference to Fig. 

is 39. In Fig. 39, components substantially the same with the components described In Fig. 36 have the same reference 
numerals, and detailed descriptions of these components are not repeated herein. The configuration of the third 
embodiment is featured by that the annular insulating member 7122 formed inside of the sidewall of the upper casing. 
71 12a additionally includes a second gas inlet pipe 7423. The second gas inlet pipe 7423 brings a cleaning gas from 
the outside Into the plasma generating space 71 15. The second gas Inlet pipe 7423 is connected via a mass flow con- 

20 trailer (not shown) for controlling the flow rate to a cleaning gas source (not shown). When a cleaning gas Is brought via 
the second gas inlet pipe 7423 into the plasma generating space 71 15 and a radio frequency power is supplied from 
the radio frequency power source to the electrode 7120, a plasma is generated In the plasma generating space 71 15. 
This plasma serves to form radicals for use in cleaning of the film surface on the substrate 71 1 1 . Such cleaning gases 
include, for example, NF 3 , CIF 3 , C 2 F 4 , C 2 F 6 , H 2 , 0 2 , N 2 , F 2 , Ar, and other rare gases and halide gases. Other configu- 

25 rations of this embodiment are the same with those in the first embodiment. 

[0140] The gas inlet pipe 7123 and the second gas inlet pipe 7423 are controlled to use either one of these inlet 
pipes. In the present embodiment, initially the cleaning gas is introduced to clean the film surface on the substrate 71 1 1 , 
and the film forming gas is then introduced to form a gate insulating film on the film surface on the substrate 71 1 1 . 
[0141] Specifically, the substrate 71 1 1 having a laser-annealed film (polysilicon film) on its surface is mounted on 

30 the substrate holder 71 17, and the cleaning gas is then introduced via the second gas inlet pipe 7423 into the plasma 
generating space 71 15, and a radio frequency power is supplied via the power supply rod 7129 to the electrode 7120. 
By this procedure, electric discharge Is initialed in the plasma generating space 7115 to generate a cleaning gas 
plasma 7419. As a result, radicals are formed in the plasma and diffuse through the plural through hoes 7125 of the 
partition 71 1 4 into the film forming space 71 1 6. The radicals then clean the surface of the film formed on the substrate 

35 71 1 1 . This configuration can remove impurities formed on the film surface of the substrate after laser annealing. 

[0142] After the substrate cleaning process is completed to satisfy predetermined conditions, the oxygen gas is 
bought from the gas inlet pipe 7123 into the plasma generating space 71 1 5, and a radio frequency power is supplied 
via the power supply rod 71 29 to the electrode 71 20. By this procedure, electric discharge is initialed in the plasma gen- 
erating space 71 15 to yield the oxygen plasma 71 19. As a result, radicals are formed in the plasma and diffuse through 

40 the plural through hoes 71 25 of the partition 7114 into the film forming space 71 1 6. Concurrently with the supply of the 
radicals, the material gas is supplied from the inlet pipe 7128 through the partition 71 14 into the film forming space 
71 16. In the film forming space 71 16, the radicals react with the material gas to form a gate insulating film on the film 
surface on the substrate 7111. 

[0143] The invented film forming system should be preferably maintained in vacuum. 
45 [0144] Next, a process for the formation of a film using the systems according to embodiments of the invention will 
be described. 

[0145] Fig. 40 is an illustration of the invented film forming system. The numeral 71 12 in Fig, 40 is the vacuum cas- 
ing shown in Fig. 36. The vacuum casing 7112 Includes, the partition 7114 having a multitude of through holes, the 
plasma generating space 71 15, and the film forming space 71 16, and the partition 71 1 4 separates the plasma gener- 

50 ating space 7115 from the film forming space 7116. 

[0146] The overall system in Fig. 40 includes a film forming material gas supply unit 751 2. The materiel gas is sup- 
plied from the film forming material gas supply unit 7512 via a gas inlet path 7513 including a mass flow controller 
(MFC) 7513a Into the Inner space 7124 in the partition 71 14. Such material gases include S1H 4 and other silicon hydride 
compounds (Si n H 2m . 2 , where n \s an integer of 1 or more). In the film forming space 71 1 6, the material gas Introduced 

55 through the inner space 7124 in the partition 71 14 reacts with the radicals Introduced through the multitude of through 
holes 7125 in the partition 71 14, and the material gas is decomposed to deposit a thin film of silicon oxide on the sub- 
strate transferred into the film forming chamber. Thus, a film is formed. 

[0147] A host controller 7514 functions as a controller of the flow rate of the material gas in an MFC 7513a in the 
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gas inlet path 7513. The controller 7514 can control the flow rate of the material gas In the MFC 7513a to thereby con- 
trol the supply of the material gas brought into the film forming space 7116 to a predetermined range, as described 
below. Fig. 41 is a graph showing an illustrative change of the malerial gas flow rate with the abscissa showing the time 
(t) and the ordinate showing the flow rate (seem) of the material gas. In this embodiment, the controller 7514 controls 

5 the flow rate of the material gas in the MFC 7513a in such a manner that the flow rate (supply flow rate) of the intro- 
duced material gas to the film forming space 71 1 6 Is restricted at early stages of electric discharge, i.e., at early stages 
of film formation, and is then Increased. Next, the manner to restrict the supply rate of the material gas will be described. 
[0148] Fig. 42 Is a graph showing an illustrative control procedure of the supply flow rate of material gas, SiH 4 , with 
the abscissa showing the time and the ordinate showing the supply flow rate. In the time abscissa, times to, t lt and t2 

10 are set. As the plasma generating gas, for example, oxygen (0 2 ) is employed. The time to is the time when the oxygen 
gas is supplied into the plasma generating chamber and electric discharge of the oxygen gas is started, i.e., the starting 
point of film formation. At the time t 1( the supply of SiH 4 starts. Accordingly, SiH 4 Is not supplied from the time to until 
the time t1 . From the time tj until the time t 2 , the supply flow rate of SiH 4 gradually increases with time and reaches a 
constant level at the time t^ From the time the supply rate of SiH 4 is maintained at the constant level. By restricting 

15 the suppiy rate of the material gas at early stages of film formation Including the initiation of electric discharge (i.e., to 
to t 1( and around t^, the formation of a silicon oxide thin film containing excess silicon at early stages of film formation 
can be avoided. In addition, by gradually increasing the supply rate of the material gas thereafter, the film forming period 
can be shortened to thereby improve practical utility. 

[0149] From the time tj until time t 2 , the supply rate of the material gas may be controlled to increase according to 
20 a step function, a proportional function, a linear function, a quadric function, an exponential function, and other func- 
tions. 

[0150] In the above embodiments, silane is employed as an example of the material gas. However, the material gas 
is not limited to silane, and TEOS and other gaseous materials can be also employed. In addition, the Invention can be 
applied to film formation of not only silicon oxide films but also silicon nitride films. The principle of the Invention can be 
25 applied to every treatment where the material gas comes in contact with a plasma to form particles and the incidence 
of ions to the substrate adversely affects the process, and can be applied to film formation, surface treatments, isotropic 
etching, and other treatments. The partition indicated in the embodiments has a dual structure, but it may have a mul- 
tilayer structure. 

[0151] According to the invention as thus described, for example, when a silicon oxide film is formed on a large sub- 
so strate from silane or another material gas, a vacuum casing includes a partition having plural through holes or diffusion 
holes that meet predetermined conditions. The partition separates the inside of the vacuum casing into a plasma gen- 
erating space and a film forming space. An active species is formed in the plasma generating space and is brought 
through the through holes of the partition into the film forming space. Separately, a material gas is brought through an 
inner space and diffusion holes of the partition and is directly Introduced into the film forming space without coming in 
35 contact with a plasma. This configuration can inhibit a vigorous chemical reaction between the material gas and the 
plasma to thereby inhibit the formation of particles and incidence of ions into the substrate. 

[0152] In addition, the invented system can evenly bring the material gas, and can evenly supply the oxygen gas 
radicals through the plural through holes formed in the partition. This configuration can yield satisfactory distributions of 
the radicals and silane or another material in the vicinity of the surface of the substrate to thereby effectively form a film 
40 on a large substrate. 

[0153] Fig. 43 Is a side sectional view of a clustered tool type system. This system includes a film forming chamber 
81 01 , a load-lock chamber 81 02, and a transfer chamber 81 03. The film forming chamber 8101 serves to form a silicon 
oxide film as a gate insulating film on a substrate 8109. The transfer chamber 8103 includes a moving robot 8130 as a 
moving means. 

45 [0154] The film forming chamber 81 01 includes a CVD unit 8113 inside thereof. In the CVD unit 81 1 3, a plasma is 
generated, and active species taken out from the plasma serve to form a silicon oxide film. The configuration of transfer 
chamber 8103 greatly features the system according to the present embodiment. As shown in Fig. 43, the transfer 
chamber 81 03 has a gas inlet system (hereinafter referred to as "pressure regulating gas inlet system") 81 32. The pres- 
sure regulating gas Inlet system 8132 brings a gas not adversely affecting the film formation into the inside the system 

so to regujate the Inside pressure. In this embodiment, the pressure regulating gas inlet system 8132 Introduces hydrogen 
gas. The pressure regulating gas inlet system 8132 comprises a flow regulator and a filter not shown and can introduce 
a highly purified pressure regulating gas at a predetermined flow rate. 

[0155] The term "gas not adversely affecting the film formation" means and includes gasses which do not adversely 
affect the quality of the resulting thin film. Such gases Include hydrogen and other gases that do not directly affect the 
55 film formation, and gases that improves the quality of the resulting film. 

[0156] The configuration where the transfer chamber 81 03 includes the pressure regulating gas inlet system 81 32 
is based on a characteristic technical concept of an evacuating unit 8131 of the transfer chamber 8103. Specifically, in 
the system according to the present embodiment, the pressure inside the transfer chamber 8103 is maintained at a 
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degree of vacuum somewhat lower than that Inside the film forming chamber 81 01 . 

[0157] The evacuating unit 81 31 of the transfer chamber 81 03 has only to evacuate the inside of the transfer cham- 
ber to a relatively high pressure as above, and can be configured at low costs. As the evacuating unit 81 31 of the trans- 
fer chamber 8103, for example, a combination of a dry pump and a mechanical booster pump can be employed. Both 

5 components are available at low cost. 

[0158] As the evacuating unit 8131 of the transfer chamber according to conventional equivalents, a system having, 
an exhaust speed larger than that in the film forming chamber 81 01 Is generally employed, and the inside of the transfer 
chamber 8103 is evacuated to a pressure lower than that in the film forming chamber. However, this configuration will 
results in an expensive evacuating unit 8131. For example, to attain the pressure inside the film forming chamber 8101 

10 as stated above, a turbo-molecular pump or other expensive vacuum pumps are required. Specifically, if the target pres- 
sure is 1 Pa or higher, the system can employ a cheap dry pump and a mechanical booster pump in combination, but 
|f the target pressure is lower than 1 Pa, a turbo-molecular pump or other expensive pumps are required. Such pumps 
are expensive several times the dry pump and the mechanical booster pump. 

[0159] Such a relatively high target pressure inside the transfer chamber 81 03 can shorten the evacuation opera- 

15 tion to thereby increase the production efficiency of the overall system. 

[0160] The system according to this embodiment is also greatly featured in that the transfer chamber 81 03 includes 
a modifier supply unit 81 33. The modifier supply unit 81 33 supplies a chemical species (hereinafter referred to as "mod- 
ifier 0 ) having a modifying activity to the surface of the substrate 81 09. This feature will be described In detail below. 
[0161] The modifier supply unit 8133 serves to supply energy to a gas introduced by a modifying gas inlet system. 

20 8134 to form a plasma. The configuration of the modifier supply unit 8133 will be illustrated with reference to Fig. 44. 
Fig. 44 Is a schematic side sectional view of the configuration of the modifier supply unit 8133 in the transfer chamber 
81 03 of the system shown in Fig. 43. 

[0162] The modifier supply unit 8133 has substantially the same configuration as the system shown in Fig. 36. 
However, this unit has no material gas inlet system, and the partition 71 14 is a plate having plural holes. As shown in 
25 Fig. 43, the modifier supply unit 8133 is placed In the transfer chamber 81 03 in the vicinity of a gate valve 81 04c at the 
boundary between the film forming chamber 81 01 and the transfer chamber 81 03, and is located above a transfer line 
of the substrate 8109. 

[0163] The modifying gas inlet system 8134 supplies a hydrogen gas to the plasma generating space, as in the 
pressure regulating gas inlet system 8132. The piping of the pressure regulating gas inlet system 8132 may be caused 
30 to branch to the modifier supply unit 8133. By this configuration, the pressure regulating gas inlet system 8132 also 
serves as the modifying gas inlet system 81 34. 

[0164] When a radio frequency power source goes into action while the modifying gas inlet system 8134 brings 
hydrogen gas into the plasma generating space, a plasma is generated and active hydrogen species flow out down- 
ward. The active hydrogen species act as a modifier in this embodiment and are supplied to the surface of the substrate 
35 to modify the surface. For example, when the surface of the substrate 81 09 is oxidized, the oxidized surface is reduced 
by the modifier, if the surface has a bondable end, the active hydrogen species terminates the end to thereby chemically 
stabilize the surface. During the modification procedure, the substrate 81 09 may be stopped on the transfer line or may 
be continuously transferred for a higher efficiency. 

[0165] A second embodiment of this type of system will be described below. The system according to the second 

40 embodiment is greatly characterized in that a laser annealing process and a gate insulating film forming process can 
be continuously performed in vacuo. These processes are required for the production of a TFT-LCD using a polysllicon 
film as a channel layer. In the system according to the second embodiment, the transfer chamber 8103 also includes 
the pressure regulating gas inlet system 8132, and the inside of the transfer chamber 81 03 is held at a pressure that Is 
a vacuum pressure but is higher than 1 Pa and lower than that in the film forming chamber 8101 . The pressure regulat- 

45 ing gas inlet system 81 32 brings a hydrogen gas into the transfer chamber 81 03 as mentioned above. 

[01 66] According to the second embodiment, the surface of the substrate 81 09 is modified by supplying a modifier 
after the annealing process. This configuration plays a very important role to Improve the operating characteristics of 
the resulting TFT. A polysllicon film formed by crystallizing an amorphous silicon film in the annealing process has 
unbonded ends of silicon (dangling bonds) on its surface. If the atmosphere contains oxygen or other gases reactive 

so with silicon during movement of the substrate 81 09 from an annealing chamber (not shown) to the film forming chamber 
8101, such a reactive gas readily reacts with the dangling bonds of silicon to form a contaminated region oh the surface 
of the polysllicon film, if such a contaminated region is formed at an interface between the polysllicon film and the gate 
insulating film, the resulting TFT cannot have a stoichiometric composition. This is liable to cause defective levels and 
other problems that deteriorate the operating characteristics of the TFT. 

55 [0167] The system according to the present embodiment can avoid the above problems, by modifying the surface 
of silicon with active hydrogen species after the annealing process to thereby terminate the dangling bonds of silicon 
with hydrogen. In addition, the transfer chamber 8103 is held in vacuo at a relatively high pressure but is purged with 
hydrogen gas. This configuration can reduce reactions of dangling bonds, If any, with contaminates and increases the 
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tendency of the dangling bonds to react with hydrogen to thereby terminate. By these operations and advantages, the 
system according to the present embodiment can markedly satisfactorily improve the interface between a polysllicoh 
film and a gate Insulating film. This constitutes a very Important technical point in the manufacture of polysillcon TFTs. 
[0168] The supply of a modifier by the modifier supply unit plays an Important role In modification after the anneal- 

5 Ing process. As described above, the surface of the substrate 81 09 may be modified by Ion injection other than the use 
of the active species. However, Ion Injection for modification after the annealing process causes problems. Specifically, 
the polysillcon film crystallized in the annealing process has a relatively weak crystal structure. Accordingly, when ions 
are injected, such weak bonds are readily broken to cause, for example, a roughened surface of the polysillcon film. As 
a result, the Interfaclal characteristics may be deteriorated or channel resistance may Increase. 

w [0169] According to the present embodiment, the CVD unit 8113 is employed to generate a plasma in a region at a 
distance from the surface of the substrate and to supply the active species. Accordingly, ion is substantially not Injected 
Into the surface of the substrate and the system does not invite the above problems. 
[0170] Fig. 46 Is a diagram illustrating the configuration of the Invented laser annealer. 

[0171] The laser annealer includes a stage 321 0, a pair of laser sources 3221 and 3222, a composing optical sys- 
15 tern 3230, an irradiation optical system 3240, a mask driving unit 3250, a stage driving unit 3260, and a master control- 
ler 32100. The stage 3210 holds or supports a work W and is three-dimenslonally smoothly movable. The work W Is a 
glass plate having an amorphous Si and another semiconductor thin film formed on its surface. The laser sources 3221 
and 3222 respectively produce a pair of laser beams LB1 and LB2 having different characteristics. The composing opti- 
cal system 3230 composes the laser beams LB1 and LB2 to yield a composite light CL. The irradiation optical system 
20 3240 converts the composite light CL into a linear beam AB and launches the linear beam AB onto the work W at a 
predetermined illumination. The mask driving unit 3250 moves a mask 3242 formed in the irradiation optical system 
3240 to scan the work W with the projected linear beam AB. The stage driving unit 3260 moves the stage 3210 sup- 
porting the work W to a necessary degree relative to, for example, the irradiation optical system 3240. The master con- 
troller 32100 generally controls the operations of individual units of the overall laser annealer. 
2$ [0172] Both of the pair of laser sources 3221 and 3222 are excimer lasers or other pulsed laser sources for heating 
the semiconductor thin film on the work W. The laser sources 3221 and 3222 individually and Independently produce a 
pair of laser beams LB1 and LB2 having different characteristics such as light emitting periods, peak intensities or 
wavelengths. 

[0173] The composing optical system 3230 serves to spatially combine the pair of laser beams LB1 and LB2 from 
30 the laser sources 3221 and 3222 to form the composite light CL, and includes a pair of knife-edge mirrors 3231 and 
3232 arranged in parallel with each other. Between the composing optical system 3230 and the both laser sources 3221 
and 3222, a divergent optical system 3271 and a telescopic optical system 3272 are respectively arranged as regula- 
tors. The divergent optical system 3271 serves as a regulating optical system to finely adjust the Imaging position In the 
optical axis direction (beam forming position) of the first beam LB1 from the laser source 3221 . The Image Is formed by 
35 a homogenlzer 3241 in the irradiation optical system 3240. The telescopic optical system 3272 serves as an afocal opti- 
cal system to adjust the beam size of the second beam LB2 from the laser source 3222 to thereby make the beam size 
identical to that of the first beam LB1 entered Into the composing optical system 3230. 

[0174] The irradiation optical system 3240 Includes a homogenizer 3241 , a mask 3242, and a projection lens 3243. 
The homogenizer 3241 once divides the composite light CL from the composing optical system 3230 into plural divided 
40 beams and converts the divided beams Into rectangular beams, and homogeneously superimposes and launches the 
beams onto a predetermined plane. The mask 3242 has a slit transmitting pattern and Is arranged on the predeter- 
mined plane to shield the composite light CL. The projection lens 3243 reduces and projects the transmitted pattern 
formed on the mask 3242 onto the work W as a linear beam AB. 

[0175] The stage driving unit 3260 drives the stage 321 0 and aligns a specific region on the work W relative to the 
45 irradiation optical system 3240. After the mask driving unit 3250 drives the mask to scan a predetermined region on the 
work W with the linear beam AB to laser-anneal the predetermined region, the stage driving unit 3260 also aligns the 
mask 3242 to stepwise move the mask to a region adjacent to the predetermined region. A position detector 3280 con- 
tinuously monitors the driving of the stage 3210 by the stage driving unit 3260. 

[0176] The operations of the system shown in Fig. 45 will now be illustrated In detail. Initially, the work W is moved 
so to and mounted on the stage 321 0 of the laser annealer. The work W on the stage 321 0 is then aligned relative to the 
irradiation optical system 3240. While moving the mask 3242 of the irradiation optical system 3240, the composite light 
CL obtained from the pair of laser sources 3221 and 3222 Is launched as a linear beam AB onto a predetermined region 
on the work W. On the work W, a thin film of an amorphous semiconductor such as an amorphous Si Is formed. The 
irradiation and scanning of the thin film with the linear beam AB allows the predetermined region of the semiconductor 
55 to anneal and recrystallize to thereby yield a semiconductor thin film haying satisfactory electric characteristics. The 
laser annealing procedure is repeated on plural predetermined regions on the work W, and the semiconductor thin film 
is annealed in the plural predetermined regions. 

[0177] In the above system, the composing optical system 3230 spatially composes the pair of laser beams LB1 
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and LB2 from the pair of laser sources 3221 and 3222 to form the composite light CL. Accordingly, the pair of laser 
beams LB1 and LB2 can be composed with minimized loss, and the composite light CL as a uniform rectangular beam 
relative to the pair of laser beams LB1 and LB2 can be formed on predetermined plane of mask 3242, by action of the 
homogenizer 3241 . In addition, the linear beam AB is obtained by efficiently composing the laser beams LB1 and LB2 

5 and can perform a variety of laser annealing procedures. 

[0178] Fig. 46 is a diagram illustrating the configuration of the composing optical system 3230 and Its surroundings. 
As Is described above, the composing optical system 3230 includes the pair of knife-edge mirrors 3231 and 3232, 
allows the first beam LB1 to pass through between a pair of knife edges 3231a and 3232a, and separates the second 
beam LB2 by the aid of the pair of knife edges 3231 a and 3232a. The divergent optical system 3271 finely adjusts the ' 

10 image-forming position of the first beam LB1 formed by the homogenizer 3241 and constitutes an afocal system includ- 
ing a convex lens 3271 a and a concave lens 3271 b in combination. The telescopic optical system 3272 serves to adjust: 
the beam size of the second beam LB2 to identical to that of the first beam LB1, and constitutes an afocal system 
including a concave lens 3272a and a convex lens 3272b in combination. Between the telescopic optical system 3272. 
and the composing optical system 3230, a turning mirror 3233 Is arranged to guide the second beam LB2. Separately, 

15 the composite light CL obtained by composing the laser beams LB1 and LB2 enters the homogenizer 3241. the 
homogenizer 3241 Includes first to fourth cylindrical lens arrays CA1 to CA4, and a convex condenser lens 3241 a. The 
first and third cylindrical lens arrays CA1 and CA3 have a curvature in a cross section in parallel with the paper plane, 
and the second and fourth cylindrical lens arrays CA2 and CA4 have a curvature in a cross section perpendicular to the. 
paper plane. 

20 [0179] The outline of the operations will now be described below. The first laser beam LB1 passes through between 
the knife edges 3231a and 3232a, i.e., a central pupil region of the homogenizer 3241 Including the optical axis OA, and 
the second laser beam LB2 is divided by the knife-edge mirrors 3231 and 3232 into two beams and the divided second 
beams pass through the each edge of the first beam LB1, i.e., a pair of peripheral pupil regions of the homogenizer 
3241 . The beams LB1 and LB2 thus respectively enter the homogenizer 3241 . The homogenizer 3241 has an entrance 

25 pupil size twice that of the beam size to allow the composite light CL enter the homogenizer. The condenser lens 3241 a 
and other lens systems have been corrected for aberration according to the entrance pupil. 

[0180] The composite light CL entered the homogenizer 3241 is divided to a number of the segments constituting 
the cylindrical lenses by action of the first to fourth cylindrical lens arrays CA1 to CA4 to form divided secondary light 
sources. The light beams is launched from the divided secondary light sources into the condenser lens 3241 a, and are 
30 superimposed on an irradiated surface IS at the back focus of the condenser lens 3241a to yield uniform rectangular 
beams. 

[0181] The divergent optical system 3271 and the telescopic optical system 3272 serve to prevent differences in 
focal position, beam size, and uniformity of the rectangular beams formed by the homogenizer 3241. These differences 
are caused by beam characteristics and differences thereof of the first and second laser beams LB1 and LB2. 

35 [0182] The former divergent optical system 3271 slightly changes the numerical aperture (NA) of the first beam LB1 
. launched into the homogenizer 3241 to adjust the best focal position of the homogenizer 3241 and the beam size. The 
latter telescopic optical system 3272 serves to adjust the beam size of the second beam LB2 to identical to that of the 
first beam LB1 launched into the homogenizer 3241 . By these configurations, the laser beams LB1 and LB2 are respec- 
tively divided to the same number with each other by the cylindrical lens arrays CA1 to CA4 to yield an identical uni- 

40 formity to each other. 

[0183] The operations will be illustrated in further detail below. The first beam LB1 enters through a beam delivery 
(e.g. a turning mirror) not shown into the divergent optical system 3271 for the first beam. The divergent optical system 

3271 Is a substantially 1 :1 afocal system and includes two lenses 3271 a and 3271 b. By changing the distance between 
the two lenses 3271a and 3271b, the divergent optical system 3271 can slightly adjust and change the NA of the out- 

45 going first beam LB1 from the divergent optical system 3271 without significantly changing the beam size of the first 
beam LB1 . In a practical example, the variable adjusting range of the exit NA (a beam divergence angle of the first beam 
LB1) by the divergent optical system 3271 is set to several milliradians. In this connection, the two lenses 3271a and 
3271b constitute a two-element system of convex and concave lenses, and respectively have a little power. Even if the 
distance between the two lenses 3271 a and 3271 b is changed, the aberration does not significantly change. 

so [0184] The exit first beam LB1 from the divergent optical system 3271 only passes through between the two knife- 
edge mirrors 3231 and 3232, i.e., the central region of the^optical axis of the homogenizer 3241. The first beam LB1 
passed through between the knife-edge mirrors 3231 and 3232 enters the central portion (cylindrical lenses assigned 
to the first beam LB1) of the cylindrical lens array CA1 of the homogenizer 3241 , and is divided into a number (six in 
Fig. 46) of the cylindrical lenses. The individual divided beams are superimposed by the condenser lens 3241 a to form 

55 a uniform beam on the irradiated surface IS. 

[0185] The second beam LB2 is launched through a beam delivery not shown into the telescopic optical system 

3272 for the second beam. The second beam LB2 launched into the telescopic optical system 3272 is magnified or 
reduced in the optical system to have the Identical beam size with that of the first beam LB1 , and comes out of this opti- 
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cal system toward the composing optical system 3230. The second beam LB2 is divided by the knife-edge mirrors 3231 
and 3232 in the composing optical system 3230 Into two beam portions LB2a and LB2b. The beam portions LB2a and 
LB2b respectively pass through each side of the first beam LB1 toward the homogenizer 3241 . The both beam portions 
LB2a and LB2b enters outer periphery of the optical axis of the homogenlzer 3241, I.e., both edges of the cylindrical 
5 tens array CA1 (cylindrical lenses assigned to the second beam LB2) of the homogenizer 3241 . The beam portions are 
then divided to a number of cylindrical lenses (In Fig. 46, a total of six including upper three and tower three). The Indi- 
vidual divided beams are superimposed by the condenser lens 3241 a to form a uniform beam on the irradiated surface 
IS. 

[0186] In the above description, both the first and second laser beams LB1 and LB2 is to "form a uniform beam on 
10 the irradiated surface IS 0 . Actually, the best focal positions of the both beams may differ from each other according to 
divergence angles of exit beams from the light source and other characteristics. When the best focal positions are dif- 
ferent, the beam sizes are often different. The differences in characteristics of the first and second beams LB1 and LB2 
must be neutralized. To this end, the best focal position of the second beam LB2 is determined as a true Irradiated sur- 
face IS (reference surface) and the best focal position of the first beam LB1 is made in agreement with the true irradi- 
15 ated surface IS. Specifically, the exit NA of the first beam LB1 , I.e., the incident NA viewed from the homogenizer 3241 
is changed by the divergent optical system 3271 . According to the change in the incident NA viewed from the homog- 
enizer 3241 , the best focal position of the first beam LB1 after passing through the homogenizer 3241 is changed. This 
configuration can finely adjust the best focal position of the first beam LB1 to agree with that of the second beam LB2. 
In this connection, the relationship between the exit NA and the shift of the best focal position varies according to the 
20 tens configuration of the homogenizer 3241 , and detailed descriptions of these fine adjustment are omitted herein. 
[0187] Fig. 47 Is a schematic diagram illustrating the configuration of a laser annealer as an embodiment of the 
invented laser processing system. 

[0188] This laser annealer serves to treat a work W with heat. The work W includes an amorphous Si or other sem- 
iconductor thin film on a glass substrate. The laser annealer includes a laser source 3310, an irradiation optical system 
25 3320, and a process stage unit 3330. The laser source 331 0 produces a laser light AL such as excimer laser for heating 
the semiconductor thin film. The irradiation optical system 3320 converts the laser light AL into a line form (a fine rec- 
tangular form) and launches the light onto the work W at a predetermined illumination. The process stage unit 3330 
supports the work W and allows the work W to smoothly move in the X-Y plane In a translational manner and to rotate 
around the Z axis. 

30 [0189] The irradiation optical system 3320 comprises a homogenizer 3321 , a mask assembly 3322, and a projec- 
tion lens 3323. The homogenizer 3321 ensures the incident laser beam AL to have a uniform distribution. The mask 
assembly 3322 has a mask on which a slit is formed, and the slit throttles the laser light passed through the homoge^ 
nizer 3321 into a fine rectangular beam. The projection lens 3323 reduces and projects the slit image of the mask onto 
the work W. Of these components, the mask assembly 3322 is exchangeably supported on a mask stage unit 3340. 

35 The mask stage unit 3340 drives the mask assembly 3322, and the mask assembly 3322 is smoothly movable in the X- 
Y plane and is rotatable around the Z axis. 

[0190] The process stage unit 3330 is housed in a process chamber 3350, supports the work W in the process 
chamber 3350 and allows the work W to appropriately move relative to the irradiation optical system 3320. The laser 
light AL is applied from the Irradiation optical system 3320 via a process window 3350a onto the work W, while the work 

40 W is supported in an appropriate position in the process chamber 3350. 

[0191] The system includes, on each side of the projection lens 3323, a position detector or the like. The position 
detector Irtcludes a projecting unit 3361 and a light-receiving unit 3362. The projecting unit 3361 launches a detective 
light via the process window 3350a into the surface of the work W, and the light receiving unit 3362 detects a reflected 
light from the surface of the work W. Thus, the work W on the process stage unit 3330 can be precisely aligned relative 

45 to the Irradiation optical system 3320. 

[0192] In this configuration, the mask stage unit 3340 and the projection lens 3323 are suspended by and fixed to 
a frame 3365 extending from the process chamber 3350. The homogenizer 3321 is indirectly fixed to the frame 3365, 
but this configuration is not shown in the figure. 

[0193] The mask assembly 3322 supported by the mask stage unit 3340 is hanged at the lower end of a cylindrical 
so mounting jig 3370, and is inserted Into the bottom of an Insertion port 3340a formed in the mask stage unit 3340, and 
Is fixed thereto. The mask assembly 3322 includes a mask 3322a, a reflecting member 3322b, and a field lens 3322c, 
and integrally holds the mask 3322a, the reflecting member 3322b, and the field lens 3322c. The mask 3322a has a slit, 
and the reflecting member 3322b is arranged over the mask 3322a at an angle relative to the mask 3322a, and inhibits 
other optical elements from damage due to reflected light from the mask 3322a. The field lens 3322c adjusts the diver- 
55 gence angle of the laser light AL launched Into the mask 3322a. 

[0194] Figs. 48A and 48B are diagrams showing the configuration of the mask stage unit 3340 and the way to sup- 
port the mask assembly 3322. Fig. 48A is a side sectional view of the mask stage unit 3340 and surrounding compel 
nents, and Fig. 48B is a top view of the mounting Jig 3370. 
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[0195] The mask stage unit 3340 Includes an X axis stage 3441 , a Y axis stage 3442, and a 9 axis stage 3443: The 
X axis stage 3441 allows the mask assembly 3322 to move In the X axis direction In a translatlonal manner. The Y axis 
stage 3442 allows the mask assembly 3322 together with the X axis stage 3441 to move in the Y axis direction in a 
translatlonal manner. The 6 axis stage 3443 allows the X axis stage 3441 and the Y axis stage 3442 to rotate around 
5 the Z axis. The X axis stage 3441 is slidabiy connected via a slide guide 3445 to the Y axis stage 3442. The Y axis stage 
3442 Is rotatably connected via a bearing 3446 to the 8 axis stage 3443. 

[0196] The mask assembly 3322 includes a tubular mask holder body 3422d, and a tapered outer surface TPT 
tapering off downward on the outer periphery of the mask holder body 3422d. The mask holder body 3422d supports 
the mask 3322a, the reflecting member 3322b and the field lens 3322c. The X axis stage 3441 has a tapered Inner sur- 

10 face TP2 around a round opening formed at a bottom 3441 a. The tapered inner surface TP2 Is to fit the tapered outer 
surface TP1. By this configuration, if only the mask assembly 3322 Is Inserted into the round opening at the bottom 
3441a of the X axis stage 3441, the tapered outer surface TP1 fits the tapered Inner surface TP2. Thus, the mask 
assembly 3322 can be precisely aligned relative to the X axis stage 3441. In addition, the mask assembly 3322 is to 
have a momentum downwards by an annular fixing nut 3425. The fixing nut 3425 is screwed into the bottom 3441a of 

75 the X axis stage 3441 . 

[0197] The mask assembly 3322 and the fixing nut 3425 are mounted on the bottom 3441 a of the X axis stage 3441 
using the mounting jig 3370. The mask assembly 3322 has a depression 3422g which is engaged with a hook-iike 
hanging member 3471 formed on the lower surface of the mounting jig 3370, and moves up and down according to the 
operation of the mounting jig 3370. By this configuration, the mask assembly 3322 can be easily and surely Inserted 

20 into the round opening at the bottom 3441 a of the X axis stage 3441 . The fixing nut 3425 also has a depression 3425jg 
which Is engaged with the hanging member 3471 of the mounting Jig 3370, and moves up and down according to the 
operation of the mounting jig 3370. By this configuration, the fixing nut 3425 is screwed from above the mask assembly 
3322 inserted into the bottom 3441 a of the X axis stage 3441 to easily and surely fix the mask assembly 3322. 
[0198] The mounting jig 3370 includes a cylindrical body 3470a, a disc supporting member 3470b, and a handle 

25 3470c. The disc supporting member 3470b is fixed at the bottom of the body 3470a and supports the hanging member 
3471. The handle 3470c serves to rotate or move the body 3470a up and down together with the supporting member 
3470b. In consideration of, for example, convenience of operation, the handle 3470c has a grip 3473 extending in three 
directions, as shown In Fig. 48B. 

[0199] While the mask assembly 3322 is mounted at the bottom of the mounting jig 3370, the mask assembly 3322 
30 is inserted into an insertion port 3440a of the mask stage unit 3340. The mask assembly 3322 is then moved down to 
the bottom 3441a, and at this stage, the mounting jig 3370 is turned in a clockwise direction to separate the mask 
assembly 3322 from the mounting jig 3370. 

[0200] Next, the fixing nut 3425 is mounted onto the bottom of the mounting jig 3370 in the same manner as in the 
mask assembly 3322, and is inserted into the insertion port 3440a of the mask stage unit 3340. When the fixing nut 

35 3425 reaches the bottom, the fixing nut 3425 is turned in a counterclockwise direction to clamp to a predetermined posi- 
tion. Thus, the mask assembly 3322 is pressed against the bottom 3441a at a constant pressure applied by a coned 
disc spring 3425c. In this procedure, the tapered outer surface TP1 in the mask holder body 3422d comes into intimate 
contact with the tapered inner surface TP2 in the bottom 3441a, and the mask assembly 3322 can be precisely 
mounted onto the mask stage unit 3340. Thereafter, the mounting jig 3370 is turned in a clockwise direction to separate 

40 the fixing nut 3425 from the mounting jig 3370, and the mounting jig 3370 alone can be taken out. 

[0201] When the mask assembly 3322 is to be dismounted from the mask stage unit 3340, the above-mentioned 
mounting procedure should be simply reversed. Specifically, the mounting jig 3370 is inserted Into the insertion port 
3440a of the mask stage unit 3340 to undo the fixing nut 3425, and the fixing nut 3425 is taken out. Next, the tip of the 
mounting jig 3370 is allowed to catch the depression 3422g of the mask assembly 3322. The mounting Jig 3370 is then 

45 slowly raised, and the mask assembly 3322 together with the mounting jig 3370 can be taken out. Likewise, the dis- 
mounting of the mask 3322a and the reflecting member 3322b from the mask assembly 3322 can be performed in a 
reversed manner of the mounting procedure of these elements. Detailed descriptions of such dismounting, procedures 
are omitted herein. 

[0202] By the above procedure, the mask 3322a can be precisely mounted onto the. mask stage unit 3340. For a 
so further precise alignment, the mask 3322a Is aligned by visual observation of an alignment mark formed on the mask 
surface with, for example, a charge-coupled device (CCD) camera not shown. 

[0203] Next, a device and process for position measurement according to an embodiment of the invention will be 
illustrated in further detail with reference to the drawings. 

[0204] Fig. 49 is a schematic diagram showing the configuration of a laser annealer including the position measur- 
55 ing device according to the embodiment The laser annealer includes a laser source 351 0, an Irradiation optical system 
3520, a stage 3530, and a stage driving unit 3540. The laser source 3510 produces an excimer laser and other laser 
light AL for heating an amorphous SI or another semiconductor thin f Nm formed on a glass plate work W. The Irradiation 
optical system 3520 converts the laser light AL into a line or spot and launches the laser light onto the work W at a pre- 
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determined Illumination. The stage 3530 supports the work W, Is smoothly movable In the X-Y plane and Is rotatable 
around the Z axis. The stage driving unit 3540 serves as a driving means to move the stage 3530 supporting the work 
W to a necessary degree relative to, for example, the Irradiation optical system 3520. The Irradiation optical system 
3520 may comprise, for example, a homogenizer 3520a, a mask 3520b, and a projection lens 3520c. The homogenizer 
5 3520a ensures the incident laser light AL to have a uniform distribution, and the mask 3520b has a slit for throttling the 
laser light AL passed through the homogenizer 3520a into a predetermined beam form, and the projection lens 3520c 
reduces and projects the silt image of the mask 3520b onto the work W. 

[0205] The laser annealer further includes a traveling distance measuring device 3550, a projecting optical system 
3560, a first image pickup device 3571 , a second image pickup device 3572, an image processor 3580, and an illumi- 

10 nation lamp 3565, as a position measuring device in addition to the stage 3530 and the stage driving unit 3540. The 
traveling distance measuring device 3550 detects the displacement of the stage 3530 as optical or electric information. 
The projecting optica! system 3560 is a coaxial twin-lens dual-scaling system and forms an image of an alignment mark 
on the work W. The first image pickup device 3571 converts a first-scaling image of a relatively low magnification pro- 
jected by the projecting optical system 3560 into a picture signal, and the second Image pickup device 3572 converts a 

15 second-scaling Image of a relatively high magnification projected by the projecting optical system 3560 into a picture 
signal. The image processor 3580 subjects the picture signals produced by the first and second image pickup devices 
3571 and 3572 to an appropriate signal processing. The illumination lamp 3565 supplies luminous light to the projecting 
optical system 3560 for the illumination of the surface of the work W. The laser annealer further includes a master con- 
troller 3585 which generally controls the operations of the position measurinig device and other components of the laser 

20 annealer. 

[0206] The irradiation optical system 3560 will now be illustrated in further detail. The irradiation optical system 

3560 is a coaxial twin-lens dual-scaling system as described above, and includes a first lens system 3561 a and 3561 b, 
a second lens system 3562a and 3562b, a half mirror 3563, and an epi-illumination system 3567. The first lens system 

3561 a and 3561 b projects an image of the work W on the stage 3530 onto the first image pickup device 3571 in a rel- 
25 atively low first magnification. The second lens system 3562a and 3562b projects this projected image in a relatively 

high second magnification onto the second image pickup device 3572. The half mirror 3563 divides the image light IL 
from the work W and Introduces the divided beams into the first lens system 3561 a and 3561 b and the second lens sys- 
tem 3562a and 3562b. The epi-illumination system 3567 guides an illumination light from the illumination lamp 3565 via 
a cable 3566 onto the optical axis of the second image pickup device 3572. The illumination light produced by the Illu- 

30 minatlon light 3565 has a wavelength different from that of the laser light from the laser source 3510. 

[0207] The first lens system 3561 a and 3561 b and the second lens system 3562a and 3562b constitute a coaxial 
optical system possessing an optical axis in common. The Image light IL is launched from the work W along the optical 
axis of the first lens system 3561 a and 3561 b. When the image light IL is reflected by the half mirror 3563, it enters into 
the center of an image field of the first image pickup device 3571 . When the image light IL passes through the half mirror 

35 3563, it enters along the optical axis of the second lens system 3562a and 3562b into the center of an image field of 
the second image pickup device 3572. in addition, the epi-illumination system 3567 is arranged to be coaxial with the 
second lens system 3562a and 3562b, and homogeneously illuminates a region on the work W corresponding to the 
image fields of the first and second image pickup devices 3571 and 3572. 

[0208] The first image pickup device 3571 comprises a CCD device, a solid image pickup device. The first image 
40 pickup device 3571 and the lens 3561b constitute a CCD camera 3573. The CCD camera 3573 is fixed to an end of a 
lens-barrel 3575 housing the lens 3561a. Separately, the second image pickup device 3572 also comprises a CCD 
device, and the second image pickup device 3572 and the lens 3562b constitute a CCD camera 3574. The CCD cam- 
era 3574 Is fixed to an end of a lens-barrel 3576 housing the lens 3562a. The other ends of the both lens-barrels 3575 
and 3576 are fixed to a casing which houses the half mirror 3563. 
45 [0209] Fig. 50 is a diagram showing an illustrative arrangement of alignment marks formed on the surface of the 
work W mounted on the stage 3530 of Fig. 49. Alignment marks M1 and M2 shown in the figure are each a dual pattern 
including a bright, large cross pattern and a dark, small cross pattern in combination. 

[0210] The first alignment mark M1 is formed in one of the four corners of the work W, and the second alignment 
mark M2 is formed at another of the four corners of the work W. The first and second alignment marks M1 and M2 are 
so thus formed in two positions on the work W so as to detect not only the position but also the rotation of the work W. By . 
measuring the positions of the first and second alignment marks M1 and M2, the coordinates of the two reference points 
on the work W can be determined, and the work W can be aligned in such a manner that the attitude and position of 
the work W can be appropriately adjusted. 

[0211] The operations of the laser annealer shown in Fig. 49 will be described in detail. The work W is moved to 
55 and mounted on the stage 3530 of the laser annealer. The work W on the stage 3530 is aligned relative to the irradiation 
optical system 3520 serving to guide the annealing laser light AL While appropriately moving the stage 3530 relative 
to the Irradiation optical system 3520, the laser light AL Is launched from the laser source 3510 and is converted Into a 
line or a spot and is applied onto the work W. On the work W, an amorphous Si or another amorphous semiconductor 
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thin film Is formed, and the semiconductor Is annealed and recrystalllzed by Irradiation and scanning of the work with 
the laser light AL The resulting semiconductor thin film has satisfactory electric characteristics. 
[0212] The position measuring device is used for the alignment of the work W on the stage 3530 relative to the Irra- 
diation optical system 3520. Specifically, the stage 3530 is appropriately moved by the stage driving unit 3540 to guide 

5 the first alignment mark M1 Including a global mark M1 1 and a fine mark M12 to an Image field of the first image pickup 
device 3571 (Step S1). The position of the work W on the stage 3530 remains within a predetermined moving precision 
range (0.5 to 1 mm In the example), and the stage 3530 is appropriately moved relative to the projecting optical system 
3560 to guide and move the first alignment mark M1 in the visual field of the first lens system 3561a and 3561b, i.e., in 
the image field (5 mm size In the example) of the first image pickup device 3571 . For example, by staring the position 

10 of the first alignment mark M1 on the work W in memory as data, the stage 3530 can be appropriately moved with ref- 
erence to the positional data of the first alignment mark M1 to surely guide the first alignment mark M1 into the Image 
field of the first image pickup device 3571 . 

[021 3] Subsequently, the position of the global mark M1 1 of the first alignment mark M1 is determined by subjecting 
the picture signal of a relatively law magnification from the first image pickup device 3571 to Image signal processing In 
15 the image processor 3580 (Step S2). The pixels of the first image pickup device 3571 are in precise correspondence 
with distances of points on the stage 3530, and an XY component of the distance from the center of the first image 
pickup device 3571, I.e. the optical axis of the first lens system 3561a and 3561b, to the center of the global mark M1 1 
can be precisely determined. 

[0214] Next, while determining and monitoring the travel or stroke of the stage by the traveling distance measuring 
20 device 3550, the stage driving unit 3540 is driven to move the stage 3530 in the X-Y plane to allow the center of the 
global mark M1 1 to agree with the optical axis of the first lens system 3561 a and 3561 b (Step S3). The travel deter- 
mined by the travel measuring device 3550 corresponds to the distance determined In the step S2. In this procedure, 
the alignment accuracy by the global mark M1 1 is about 10 urn or less in the example. The above search alignment 
procedure can positively move the fine mark M12 arranged at the center of the global mark M1 1 into the image field 
25 (0.5 mm size in the example) of the second image pickup device 3572 of a high magnification. 

[0215] The position of the fine mark M12 is then determined by subjecting a picture signal from the second image 
pickup device 3572 to signal processing in the image processor 3580 (Step S4). The pixels of the second image pickup 
device 3572 have a precise correspondence with distances of points on the stage 3530, and the distance between the 
center of the fine mark M12 and the center of the second image pickup device 3572, i.e., the optical axis of the second 
30 lens system 3562a and 3562b can be precisely determined. The position measuring precision through the fine mark 
M12 is about 1 \vm or less in the example. 

[0216] The projecting optical system 3560 serving to determine the position of the fine mark M12 has a predeter- 
mined positional relationship with the laser annealing irradiation optical system 3520, and the positional relationship is 
determined or adjusted in advance. Accordingly, the distance from the optical axis of the second lens system 3562a and 
35 3562b to the center of the fine mark M12 can be converted Into the distance from the laser annealing irradiation optical 
system 3520 to the center of the fine mark M12 with reference to the positional relationship (Step S5). By these proce- 
dures, the coordinates of the first alignment mark M1 can be precisely determined. 

[0217] Likewise, the second alignment mark M2 is subjected to these measuring procedures (steps S1 to S5), and 
the coordinates of the second alignment mark M2 can be precisely determined (Step S6). In the example, one pixel of 

40 the second Image pickup device 3572 was set at 1 urn and the position was detected with a precision of about 1 urn. 
[021 8] Next, the work W Is aligned (Step 7) with respect to the irradiation optical system 3520 based on the precise 
measurements of the coordinates of the first and second alignment marks M1 and M2 obtained in steps S5 and S6. 
Specifically, the position and rotation of the work W are determined based on the coordinate measurements of the fine 
marks of the first and second alignment marks M1 and M2 with reference to the irradiation optical system 3520. Based 

45 on these results, the work W is arranged at a position with a rotational attitude required upon the initiation of laser 
annealing. 

[0219] Next, while scanning the work W with the laser light AL such as a laser spot or a laser line using the stage 
driving unit 3540 and the traveling distance measuring device 3550, the amorphous thin film on the work W is recrys- 
talllzed to sequentially form polycrystalline thin films on the work W. In this procedure, the work W can be scanned with 
so the laser light AL by moving the stage 3530 in the X or Y direction by the stage driving unit 3540, while monitoring the 
travel of the stage with the traveling distance measuting device 3550. Alternatively, the work W can be scanned with the 
laser light AL by allowing the irradiation optical system 3520 to have a scanning function, for example, by moving the 
mask 3520b in the Irradiation optical system 3520. 

[0220] In the position measuring process according to the first embodiment, after the work W is transferred to and 
55 mounted on the stage 3530, the position of the work W can be precisely determined only by moving the work W through 
search alignment using the global mark M1 1 , and thus the position of the work W can be rapidly determined. In addition, 
the global mark M1 1 and the fine mark M12 have similar-shaped outlines to each other, and the image measurement 
algorithms In the measurements of the marks M1 1 and M1 2 can be nearly the same relative to each other, and the arith- 
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metlc processing and other procedures can be simplified. 

[0221] Fig. 51 is a perspective view showing arrangement of the alignment marks formed on the surface of the work 
W mounted on the stage 3530 shown in Fig. 49. 

[0222] First and second global marks M1 1 1 and M21 1 are respectively formed in either one of the four corners of 
the work W. The both global marks M1 1 1 and M21 1 have identical coordinates In the work X axis and different coordi- 
nates in the work Y axis. Separately, fist and second fine marks M1 1 2 and M21 2 are respectively arranged in the vicinity 
of processing areas PA on the work W. Both fine marks M1 12 and M212 have identical coordinates in the work X axis 
and different coordinates in the work Y axis. The processing areas PA are areas to be projected with, for example, a slit 
Image of the mask 3520b by projection lens 3520c, and are arrayed at appropriate intervals (in the figure, only two 
processing areas are shown). 

[0223] The positional measurements of the first and second global marks M1 1 1 and M21 1 can determine the coor- 
dinates of two reference points on the periphery of the work W. By this procedure, the attitude of the work W can be 
corrected and the search alignment (global alignment) can be performed to allow each of the first and second fine 
marks M1 12 and M212 enter into the image field of the second Image pickup device 3572 of a high magnification (Fig. 
49). Separately, the positional measurements of the first and second fine marks M1 12 and M212 can determined pre- 
cise coordinates of two reference points on the periphery of the processing areas PA corresponding to these fine marks. 
The slit image of the mask 3520b can be therefore precisely projected onto the processing areas PA by appropriately 
moving the work W. 

[0224] Fig. 52 is a schematic illustration of the configuration of a laser annealer as an embodiment of the invented 
laser processing system. 

[0225] This laser annealer serves to treat a work W with heat, and the work W comprises a glass substrate and an 
amorphous SI or other semiconductor thin film formed on the glass substrate. The laser annealer includes a laser 
source 5310, an irradiation optical system 5320, a process stage unit 5330, a stage controller 5340, and a master con- 
troller 531 00. The laser source 5310 produces a laser light AL such as an excimer laser for heating the semiconductor 
thin film. The irradiation optical system 5320 converts the laser light AL into a line (to be precise, a fine rectangle) and 
launches the laser light AL onto the work W at a predetermined illumination. The process stage unit 5330 supports the 
work W and allows the work W to smoothly move in the X-Y plane in a translational manner and to rotate around the Z 
axis. The stage controller 5340 controls the operations of the process stage unit 5330, and the master controller 531 00 
generally controls the operations of individual components of the laser annealer. 

[0226] The irradiation optical system 5320 comprises a homogenizer 5320a, a mask 5320b, and a projection lens 
5320c. The homogenizer 5320a ensures the incident laser light AL to have a uniform distribution. The mask 5320b has 
a slit, and the slit throttles the laser light AL passed through the homogenizer 3520a into a rectangular beam, The pro- 
jection lens 5320c reduces and projects the slit image of the mask 5320b onto the work W. Of these components, the 
mask 5320b is exchangeably supported by a mask stage unit 5350. The mask stage unit 5350 drives and allows the 
mask 5320b to smoothly move in the X-Y plane in a translational manner and to rotate around the Z axis. The opera- 
tions of the mask stage unit 5350 are controlled by a stage controller 5360 to monitor the timing and travel of the trans- 
lation and rotation of the mask 5320b. The mask stage unit 5850 and the stage controller 5360 constitute a mask driving 
unit. 

[0227] The process stage unit 5330 is housed in a process chamber 5370. The laser light AL is launched from the 
irradiation optical system 5320 via a process window 5370a onto the work W supported by the process stage unit 5330 
in the process chamber 5370. The translational and rotational travels are monitored by the stage controller 5340. 
[0228] The process window 5370a is arranged on the top surface of the process chamber 5370. Immediately above 
the corner of the process window 5370a, a work alignment camera 5380 is fixed. The work alignment camera 5380 
serves to detect the misalignment of the work W mounted on the process stage unit 5330, and includes an image-form- 
ing optical system and a CCD and other image pickup devices. A picture signal output from the work alignment camera 
5380 is subjected to processing in an image processor 5381. Signals produced by the image processor 5381 are 
entered into the master controller 53100 and are used in the alignment of the work W relative to the projection lens 
5320c constituting the irradiation optical system 5320. 

[0229] Immediately below a corner of the mask 5320b, a mask alignment camera 5384 as an image pickup device 
is fixed. The mask alignment camera 5384 serves to detect the misalignment of the mask 5320b supported by the mask 
stage unit 5350, and produces a picture signal output. The picture signal output from the mask alignment camera 5384 
is subjected to processing In an image processor 5385, and the picked-up image is displayed on a display 5386 as a 
display device, and is used in the alignment of the mask 5320b relative to the work W. 

[0230] In this configuration, the mask stage unit 5350 and the projection lens 5320c are fixed to a frame 5390 
extending from the process chamber 5370. The mask alignment camera 5384 Is also fixed via a supporting member 
5391 to the frame 5390. While the detailed descriptions of this component are omitted herein, the supporting member 
5391 serves to adjust the position of the mask alignment camera 5384 relative to the mask stage unit 5350. Specifically, 
the mask alignment camera 5384 is moved In the X-Y plane In a translational manner and is rotated around the Z axis, 
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and can be surely fixed to the frame 5390 after the completion of necessary alignment movement. 
[0231] In the above system, the image of a mask alignment mark AM is Indicated on the display 5386 while the 
mask 5320b Is moved relative to the projection lens 5320c by the mask stage unit 5350. By this configuration, the posi- 
tion of the mask 5320b can be precisely and positively determined in real time while visually checking the position. 
[0232] The advantages of the invention will be listed below. . 

(1) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to projected light patterned through plural patterns formed on a photo 
mask, the invented system includes a mechanism for uniformizing light for exposure in such a manner that the light 
intensity in a predetermined area on the photo mask distributes within a range of ±1 1 .2% of the average light Inten- 
sity in the area. By this configuration, a semiconductor thin film on a desired region to be patterned can be homo- 

• geneously modified. When the system is applied to LCDs and other imaging devices, damage of substrates due to 
variations in intensity of light source can be prevented to thereby inhibit deterioration of image quality. 

(2) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to projected light patterned through an exposure pattern formed on a photo 
mask, and the semiconductor thin film is formed on a substrate held on a substrate stage, the invented system 
Includes a mechanism for sequentially scanning the semiconductor thin film with the patterned light by individually 
or concurrently driving the photo mask and the substrate stage. By this configuration, optional regions on the sub- 
strate can be sequentially modified with a high throughput. When the system is applied to LCDs and other Imaging 
devices, damage of substrates due to variations in intensity of light source can be prevented to thereby inhibit dete- 
rioration of image quality. This system can also provide a crystallized silicon film having a trap state density less 
than 10 12 cm" 2 . 

(3) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film, 
by exposing the semiconductor thin film to projected light patterned through an exposure pattern formed on a photo 
mask, the Invented system includes a focusing mechanism for obtaining the focus the projected patterned light on 
the predetermined region of the semiconductor thin film when the semiconductor thin film is exposed to the pro- 
jected patterned light. The above configuration can provide a semiconductor thin film forming system having a high 
reliability In modification processes and a satisfactory reproducibility. 

(4) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin filnr 
by exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a 
photo mask, the invented system includes a tilt correcting mechanism (or a leveling mechanism) for correcting the 
tilt of the projected patterned beam relative to the semiconductor thin film. The above configuration can provide a 
semiconductor thin film forming system having a high reliability in modification processes and a satisfactory repro- 
ducibility. 

(5) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a 
photo mask, the Invented system includes an alignment mechanism (or an alignment function) for aligning the 
exposure beam relative to a mark formed on a substrate, on which the semiconductor thin film Is deposited. This 
configuration can achieve the exposure of a target region with an alignment accuracy of the order of micrometers 
or higher, When the system is applied to LCDs and other imaging devices) damage of substrates due to variations 
in intensity of light source can be prevented to thereby inhibit deterioration of image quality. 

(6) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to a projected light patterned through a pattern formed on a photo mask, 
the Invented system Includes a mechanism (or a function) for holding a substrate on a stage, the semiconductor 
thin film being deposited on the substrate. The above configuration can provide a semiconductor thin film forming 
system having a high reliability in modification processes and a satisfactory reproducibility. 

(7) In a semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film 
by exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a 
photo mask, the invented system includes a composing mechanism for composing a plurality of laser beams Into 
the exposure beam. By this configuration, a semiconductor thin film can be homogeneously modified with good 
quality in target regions to be patterned, in addition, optional regions on the substrate can be sequentially modified 
with a high throughput 

(8) Preferably in the system just mentioned in (7), the plurality of laser beams is first and second laser beams, and 
the composing mechanism composes the first and second laser beams in such a manner that the second laser 
beam is applied onto the semiconductor thin film with a delay relative to the first laser beam. By this configuration, 
a semiconductor thin film can be homogeneously modified with good quality In target regions to be patterned. In 
addition, optional regions on the substrate can be sequentially modified with a high throughput. 

(9) In a semiconductor thin film forming system having a process chamber, the process chamber serves to modify 
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a predetermined region of a semiconductor thin film by exposing the semiconductor thin film on a substrate to a 
projected exposure beam patterned through a pattern formed on a photo mask, the invented system includes a 
mechanism for moving the substrate from the process chamber to a different process chamber without exposing 
the substrate to the atmosphere (or the air). By this configuration, a semiconductor thin film can be transferred to a 
5 • successive process without contamination by Impurities and dusts, while the semiconductor thin film has a chemi- 
cally active surface of an equivalent quality to that of a single crystal semiconductor thin film. Thus, manufacture 
costs for the semiconductor production system can be reduced by eliminating a cleaning process, and the through- 
put can be Increased by reducing evacuation periods or cleaning periods in individual vacuum systems. 

(10) In the system Just mentioned above (9), preferably the different process chamber Is an Insulating film forming 
w chamber for the formation of an insulating film on the substrate. By this configuration, a semiconductor thin film can 

be transferred to a gate insulating film forming process without contamination by Impurities and dusts, while the 
semiconductor thin film has a chemically active surface of an equivalent quality to that of a single crystal semicon- 
ductor thin film. Thus, a semiconductor element having a satisfactory semiconductor-insulator interface can be 
manufactured by a process at low temperatures of 600°C or less. Such a good semiconductor-Insulator Interface Is 
15 conventionally formed, for example, in an Interface between silicon and silicon oxide formed by heating. This sys- 
tem can provide a crystallized silicon film having a trap state density less than 1 0 12 cm* 2 and can provide a silicon- 
insulating film Interface exhibiting a low interface state density.. 

(1 1) In the system indicated In (9), the different process chamber Is preferably a semiconductor film forming cham- 
ber for the formation of a semiconductor thin film on the substrate. By this configuration, a semiconductor film can 

20 be transferred to a light irradiation process without contamination by impurities and dusts, which semiconductor film 
Is necessary for producing a semiconductor thin film having a chemically active surface of an equivalent quality to 
that of a single crystal semiconductor thin film. Thus, manufacture costs for the semiconductor deposition system 
can be reduced by eliminating a cleaning process, and the throughput can be increased by reducing evacuation 
times or cleaning times in individual vacuum systems. 

25 (12) In the system indicated in (9), the invention provides a system where the different process chamber is a heat 
treatment chamber for treating the substrate with heat. . 

(1 3) Preferably, the different process chamber in the system indicated in (9) is a plasma treatment chamber for sub- 
jecting the substrate to a plasma treatment by treating the substrate with plasma. By this configuration, a semicon- 
ductor thin film can be transferred to a successive process without contamination by impurities and dust , while the 

30 semiconductor thin film has a chemically active surface of an equivalent quality to that of a single crystal semicon- 
ductor thin film. Thus, manufacture costs for the semiconductor deposition system can be reduced by eliminating a 
cleaning process, and the throughput can be increased by reducing evacuation times or cleaning times in individual 
vacuum systems. 

(14) In the system indicated in (9) p the process chamber is preferably a laser treatment chamber for modifying the 
35 predetermined region of the semiconductor thin film by exposing the semiconductor thin film on the substrate to a 

projected laser beam patterned through the pattern formed on the photo mask, the different process chamber 
being preferably another laser treatment chamber. By this configuration, a semiconductor thin film can be trans- 
ferred to a successive process without contamination by Impurities and dusts, while the semiconductor thin film has 
a chemically active surface of an equivalent quality to that of a single. crystal semiconductor thin film. Thus, manu- 
40 facture costs for the semiconductor production system can be reduced by eliminating a cleaning process, and the 
throughput can be increased by reducing evacuation times or cleaning times in individual vacuum systems. 

(15) in a preferred embodiment, the different process chamber in the system indicated in any one of (9) to (13) 
includes a plasma generating source for generating plasma in a predetermined area of the different process cham- 
ber, and the substrate Is placed in an area in the different process chamber other than the predetermined area. This 

45 configuration can inhibit plasma-induced damage of the semiconductor thin film, which semiconductor thin film is 
transferred to a successive process without contamination by impurities and dust and has a chemically active sur- 
face of an equivalent good quality to that of a single crystal semiconductor thin film. 

(16) In the system indicated in (13), preferably, the different process chamber includes a plasma source for gener- 
ating plasma in a predetermined area of the different process chamber, and the different process chamber serves 

so to subject the substrate to the plasma treatment by reacting an excited gas with a different gas, the excited gas is 
excited by the plasma generated in the predetermined area, and the different gas is introduced into the different 
process chamber without passing through the predetermined area. Thus, a semiconductor element having a satis- 
factory semiconductor-insulator Interface can be manufactured by a process at low temperatures of 400°C or less. 
Such a good semiconductor-insulator interface Is conventionally formed, for example, in an Interlace between sili- 

55 con and silicon oxide formed by heating. 

[0233] Other embodiments and variations will be obvious to those skilled in the art, and this invention is not to be 
limited to the specific matters stated above. 
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1. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to projected light patterned through plural patterns formed on a photo mask, 

said system comprising a mechanism for uniformizing the light to be applied in such a manner that the intensity 
of said light in a predetermined area on the photo mask distributes within a range of ±11 .2% of the average 
Intensity of said light in said area. . 

2. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to projected light patterned through an exposure pattern formed on a photo 
mask, said semiconductor thin film being formed on a substrate held on a substrate stage^ 

said system comprising a mechanism for sequentially scanning the semiconductor thin film with the patterned 
light by individually or concurrently driving the photo mask and the substrate stage. 

3. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to projected light patterned through an exposure pattern formed on a photo 
mask, 

said system comprising a focusing mechanism for obtaining the focus of the patterned light on said predeter- 
mined region of the semiconductor thin film when the semiconductor thin film is exposed to the projected pat- 
terned light 

4. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a photo 
mask, 

said system comprising a tilt correcting mechanism for correcting the tilt of said patterned exposure beam rel- 
ative to the semiconductor thin film. 

5. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a photo 
mask, 

said system comprising an alignment mechanism for aligning the patterned exposure beam with reference to 
a mark formed on a substrate, on which said semiconductor thin film is deposited. 

6. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to a protected light patterned through a pattern formed on a photo mask, 

. said system comprising a mechanism for holding a substrate on a stage, said semiconductor thin film being 
deposited on said substrate. 

7. A semiconductor thin film forming system for modifying a predetermined region of a semiconductor thin film by 
exposing the semiconductor thin film to a projected exposure beam patterned through a pattern formed on a photo 
mask, 

said system comprising a composing mechanism for composing a plurality of laser beams into said exposure 
beam. 

8. A system according to daim 7, wherein said plurality of laser beams are first and second laser beams, said com- 
posing mechanism composing said first and second laser beams in such a manner that said second laser beam Is 
applied onto the semiconductor thin film with a delay relative to said first laser beam. 

9. A semiconductor thin film forming system having a process chamber, said process chamber serving to modify a 
predetermined region of a semiconductor thin film by exposing the semiconductor thin film on a substrate to pro- 
jected light patterned through a pattern formed on a photo mask, 
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said system comprising a mechanism for moving the substrate from said process chamber to a different proc- 
ess chamber without exposing the substrate to the atmosphere. 

10. A system according to claim 9, wherein said different process chamber is an insulating film forming chamber for the 
5 formation of an Insulating film on the substrate. 

11. A system according to claim 9, wherein said different process chamber is a semiconductor film forming chamber 
for the formation of a semiconductor film on the substrate. 

w 1 2. A system according to claim 9, wherein said different process chamber is a heat treatment chamber for treating the 
substrate with heat 

13. A system according to claim 9, wherein said different process chamber is a plasma treatment chamber for subject- 
ing the substrate to a plasma treatment by treating the substrate with plasma. 

15 

14. A system according to claim 9, wherein said process chamber is a laser treatment chamber for modifying the pre- 
determined region of the semiconductor thin film by exposing the semiconductor thin film on the substrate to a pro- 
jected laser beam patterned through the pattern formed on the photo mask, said different process chamber being 
another laser treatment chamber. 

20 

15. A system according to any of claims 9-13, wherein said different process chamber comprises a plasma generating 
source for generating plasma in a predetermined area of said different process chamber, said substrate being 
placed in an area in said different process chamber other than said predetermined area. 

25 1 6. A system according to claim 1 3, wherein said different process chamber comprises a plasma generating source for 
generating plasma in a predetermined area of said different process chamber, said different process chamber serv- 
ing to subject said substrate to said plasma treatment by reacting an excited gas with a different gas, said excited 
gas being excited by the plasma generated in said predetermined area, said different gas being introduced into said 
different process chamber without passing through said predetermined area. 

30 



55 



EP 1 067 593 A2 




FIG. 1 PRIOR ART 
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